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PREFACE. 


Although a large number of excellent books on botany 
are available, they are not so useful for students of this 
country because the plants referred to in these books are not 
known to them, nor are they easily procurable. A few 
books in which Indian plants are dealt with are either too 
elementary or they cover only certain aspects of plant life. 
This book, restricted to flowering plants, is intended to meet 
the requirements of students of Secondary and Training 
schools, Technical and Professional Colleges and of teachers 
and others interested in botany. 

The arrangement of the topics adopted is what I found to 
be most convenient in practice. Most of the facts contained 
in this book form the common property of botanists, but the 
material chosen for the elucidation of these facts is new. The 
use of a microscope for purposes of demonstration is 
essential for a clear and correct understanding of the subject, 
although some deprecate its use even in the preliminary 
courses of the University in this Presidency. No one would 
ever try to teach the functions of plants such as Absorption* 
Starch formation and Respiration without reference to root- 
hairs, Clxloroplasts and stomata. Mere mention or even 
verbal descriptions with diagrams cannot be expected to make 
points as clear and impressive as the demonstrations of actual 
things would do. To ensure a clear and correct understanding 
of even the most simple and fundamental facts of plant life, 
the use of the microscope for demonstration is an absolute 
necessity, but its misuse must be prevented and guarded 
against. 

The illustrations were specially prepared for this book. 
All the line drawings (except figures 176, 205, 209, 211, 221, 
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222, 226, 228, 229, 220 to 232, 224, 235, 238, 239 to 211, 243, 
249, 267, 286, 287, 292 to 295, 298, 238, 350, 35 J, 355, done 
by R. Srinivasa Ay yar, artist of the Government Entomologist) 
were made by my artist, M. N. Chinnaswaini Pillai, and 
great credit is due to him for the careful drawings of sections 
made from under the microscope ; the photographs and 
photomicrographs were taken by me. 

I am indebted to Mr. R. 0. Wood, M.A., for reading 
through the greater portion of the manuscript and the proof 
and also for many useful suggestions. I have also received 
much help in proof reading from my Chief Assistant 
Mr. C. Tadulingam, P.L.S., and from Mr. P. S, Jivaima Kao, 
B.A., Teaching Assistant, in the preparation of glossary and 
index to plants. Lastly, I have to express my deep gratitude 
to Mr. D. T. Chadwick and the Hon’ble Mr. LI. E. Buckley 
for encouragement to write the book and the Madras Govern- 
ment for ordering its publication. I must also thank Sir 
Alfred Bourne and Lady Bourne for encouraging me after 
going through the earlier chapters of this book in the 
manuscript. 

For the excellence in the get-up of the book I am 
indebted to Mr. T. Fisher, the Superintendent, Government 
Press. 


Coimbatore, 
1st March 1916, 


Iv. RANGA ACHARI, 
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CHAPTER I. 

INTRODUCTION. 

T HE science of botany or the study of plants is un- 
doubtedly one of the most interesting branches of 
study. A knowledge of plants is of the utmost importance 
at the present day, and at every turn in our life this will be 
found useful. Our lives and those of all animals are depend- 
ent upon the vegetation of the earth, and yet how few of us 
realise the importance of the part played by plants ! 

Plants are found everywhere and there is scarcely an inch 
of the surface of the globe that is not occupied by one or 
other of the living plants. They are infinitely varied. There 
are plants of all sizes, from the minutest speck like the bacteria 
revealed only by the highest powers of the microscope, up 
to the trees assuming gigantic proportions. (See fig. 1.) 

In form, plants vary so much that one is justified in 
wondering why we include them all under one group, the 
Vegetable kingdom. Plants are generally grouped under the | 
two heads, flowering and non-flowering plants. Flowering 
plants produce seeds and hence they are called seed-bearing . 
plants or mermophyt§s . Non-flowering plants do not produce 5 
seeds and they are known as cryptogams . i; 

A plant is a living, growing organism. No one would 
ever think of denying this fact, and yet this idea is hardly 
a prominent one with us. Animals have habits of their own ; 
they like certain things and dislike others ; they have very 
often ways of their own ; they breathe, feed and reproduce 
their own kind, and have to fight with individuals of their 
class and also with other living beings. Just like animals, 
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plants also have their habits, likes and dislikes, and little 
ways of their own ; like animals they breathe, eat and 
reproduce their own kind ; they also have much to light 
against; and they make the most of every opportunity. 
However, there exists considerable difference between animals 
and plants, in their mode of living. 


Fig. 1 . The main trunk of Sequoia gigantm , Lindl et Gord, the 
Mammoth tree of California. Note the path cut through the 
trunk. (From a photograph lent by Dr. C. B. Rama Rao.) 

Although plants present endless differences in detail, 
most of them are alike in certain general features of form 
and structure. A cursory examination of seed plants is 
enough to convince one of this fact. In a plant body we can 
distinguish two definite parts ; the root which penetrates deep, 
into the soil and th^shoot which grows upward into the air. 
The shoot consists of the stem, leaves, flowers and fruits and 
the root has only branches. These are the conspicuous 
organs of the plant, and they are concerned in the work of 
nutrition and reproduction. 
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A plant grows and lives amidst other plants and animals. 
There are also the physical conditions such as the soil, the 
moisture, and the temperature. All these constitute the 
surroundings of the plant. A successful living, on the part 
of a plant, depends upon the conditions and the relation- 
ship existing between it and the factors which constitute 
its surroundings. Plants get particular shapes and habits, 
as the result of the interactions between them and their 
surroundings. 

Plants also like animals have to fight against disadvan- 
tages which are generally formidable. They have to struggle 
against animats and other plants. They must also be capable 
of seizing upon any advantage that may present itself in the 
air, in the soil and in competition with other plants. Growth 
amidst very uncongenial surroundings is not possible, because 
plants are not able to adjust themselves to them. If, on the 
other hand, the environment is not very uncongenial, the plant 
adapts itself by modifications in its structure and habit. 
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CHAPTER II. 

THE TRIBULUB AND G YN AND R 0 FBI S PLANTS. 

The study of plants is best begun by the examination of 
some of the common ones. All of you have seen and are 
acquainted with the Tributes plant. The scientific name of 
this plant is Tribulus frrrexlHs, L.“ It grows ..every where* in 
dry open places and is in ilow'er all the year round. Perhaps 
you remember the tribiilation it causes to t hose who unwarily 
tread on it. 

Try to pull one of these plants from the ground. It is 
not quite easy to do so. The difficulty of pulling up the 
root shows one use of this part of the plant, and that is that 
the root fixes the plant firmly in the ground and prevents it 
from being dragged out by the wind. The root-system of 
this plant consists of a single, thick, long root going straight 
down, and a few small roots springing from it and running 
obliquely. The roots are all pale in. eolour. The stout, 
leading root is called the tcqbroot, and the others are lateral 
roots. It must not be supposed that these represent the 
whole of the root-system of this plant. Very many small 
roots remain behind in the soil. 

The main stem of this plant is in continuation with the 
tap-root, and, rising a little above the ground level, it breaks 
into a number of branches, running on all sides and lying 
: close to the ground. The shoot or the aerial part of the 
plant consists of several stems, hearing leaves, flowers and 
fruits. The whole of the shoot-system is green, whereas the 
root-system is devoid of this colour. All parts of tin* shoot 
are covered with close-set, soft hairs. 

The most conspicuous feature in the shoot is the presence 
of a large number of green leaves. At the lower portion of 
the branches,, the leaves are larger and they get smaller and 


5)4 The scientific name of a plant' consists of two words- The first 
• word (Tributes) is the name of the genus and the second (terrestris) 
is the name' of the species. The letter L. stands for Linnaeus who 
first gave this name to this plant, : ■ 
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smaller towards the apex. This is so, because the leaves 

nearer the base of a 
branch are older and 
those nearer the apex 
younger. In other 
words, the leaves arise 
at the tip one after 
the other in regular 
succession. 

In the stem the 
places where the leaves 
arise are called nodes , 
and the portion be- 
tween two successive 
nodes is termed an , 
internode. Towards 
the growing end of the 
shoot, the internodes 
get shorter and shorter, 
and hence the leaves 
get crowded. At every • 
node buds are situated 
1, node ; 2, internode ; 3, stipule ; 4, leaf ; [ n the angles formed ! 
5, leaflet. (Half the nat size.) by the leaf with the 

stem. This angle is called the axil. When the bud in the 
axil develops, it repeats the 
character of the shoot on which 
it arises, and so it is called a 
branch. In flowering plants 
branches arise generally from 
the axils of leaves. . , 

At every node in the Tri- 
bulus branch, there are two 
leaves, opposite to one another ; 
one leaf is smaller than the': 
other and sometimes even this 
small leaf may be wanting. 

Four small pieces somewhat 
triangular in shape are present 
at every node, one on each times the nat. size.) 



Fig. 3. Parts of. the Tribulus 
flower. S, sepal ; P, petal ; 
St,- .stamen ; G-, pistil. (Three 
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side of the leaf* These out-growths from the basal portion of 
a leaf are called -stipules. 



The leaf -has a very 
short stalk called the 
and tin* leaf 1) lade 
is cut up into segments, 
m such a way that one 
can he taken off, without 
in the least affecting the 
other pieces. Therefore 
the leaf is a compound 
Icaj, and the pieces are 
leaflets. 

One .may be inclined 
to eonsiUer the leaflets as 
reasons for calling them 


Fig. 4. The essential parts of the 
Trihulus flower. 1 and 6, stamens ; 

% ovary ; 3, stigma ; 4, gland. (5 ten 
times and the others three times the 
nat. size.) 

leaves. But we have very g 
leaflets. Leaves spring from the nodes ; and the stem which 
iears them either grows beyond them, or gives sufficient 
proof that it will do so. Leaves commonly die and fall off as 
a whole, i.e., petiole and all. If these small segments are 
really leaves, they must fall one after another leaving the axis 
on the plant, and the axis must have a growing region at its 
free end. Leaflets, along with the part carrying them fall 
dpwn, ai&S,, there is no growing point at the end of this 
part. W© have, therefore, to consider the whole structure, 
leaflets and all, as forming a leaf. As a rule buds are found 
in the axils of leaves and, in the axils of leaflets, we do not 
find any. ' 

Some of the branches may have bright, yellow flowers 
! s Prwg from the axils of leaves. The flower consists of 
i fr ur distinct parts. The most conspicuous ring of yellow 
i leaves is the ™rollci, and the leaves of this whorl are the 
petals. Between and below the petals, we find five narrow 
structures green in colour. These .are called sepals, anti the 
; wh01>1 of s SP als is known as the calyx. In the flower bud 
' tlie se P als fonn a W coat. Next to the petals inside, then' 
are ten thread-like things with yellow bodies at their ends 
and each of these yellow knobs has two lobes. Five of these 
threads are long and opposite the petals and the remaining 
five are short and opposed to the sepals. These two whorls 
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are the stamens and each stamen consists of a staik or 
filament carrying a knob, called an anther, at its tip. The 
anthers contain a fine powder or pollen, some of which may 
be brushed off easily on the fingers. Still inside, in the 
centre of the flower, there Js a five-lobed conical body which 
is called the pistil. This grows and becomes the f ruit. The 
top of the pistil is called thestigma and the lower dilated 
portion is the ovary. All the parts of the flower spring from 
the top of the flower-stalk, in close succession. No buds 
arise from the axils of the floral leaves. 

The next thing to consider is whether all the parts of the 
flower are essential, or only some of them. If w e examine 
.flowers at different stages, we do not find all the parts in all 
of them. Some may have all the parts, b ut the petals and the 
sepals may be in a faded condition and about to fall off. 

In others these parts may be wanting. But in all the* a 
flowers, the pistil is sure to be found. This part, instead’" 
of remaining small, grows and, therefore, its size will 
vary, according to the stage of development. The pistil is . 
really a young fruit containing very young undeveloped): 
seeds. We must consider the parts directly concerned* 
in the production of seeds as the most necessary and 
essential parts of a flower. The pistil is clearly one of the 

essential organs, because -it contains the young seeds. 

■ Stamens are also essential like the pistil, because the seeds are 
J not formed without their help. If we remove the anthers 
before the flowers open and discharge the pollen and’dhen 
cover the flower with a paper bag, the pistil falls down. If; i 
pollen is deposited on the stigma, the pistil matures and seeds! 
are formed. Therefore we have to infer that the pollen I 
is in some way connected with the production of the seed. 
So it is evident that the function of the pollen is to cause the 
production of the seeds by some action which it exerts: 
after it is applied to the, pistil. This action leading to the 
formati on o f seeds is known as fertilisation, and the transfer i 
of pollen to stigma, pollination. 

The Tribulus fruit consists of four or five lobes, and it 
breaks up into as many segments. .(See fig. 5.) Each of 
these segments bears at its back a pair- of long, spines about 
the middle, and another -pair of short spines lower down.. 




; 2, a segment ; 

* ransver8e sectl0n - (Nos- 2 and 3 twice the nat. size.) 

/ nto root and shoot is a general charactei 
of plants, and it is of fundamental importance. 

The root-system of this plant does not differ very mucl 
that of the Tribulus plant. There is a deep seaten 
tap-root, as in the Tribulus plant, and it also bears branches. 

from aathf S S m , °f thG Plant ’ 011 the other hand , 

n that of the Tribulus m .several respects. The branchc!- 

rise up and grow erect into the air, instead of lying pros- 

, 0n the f ound as ia the Tribulus plant. The leaves 
|i^.borne singly at the nodes, and they . have long petioles 
The expanded green blade of this, leaf consists of leaflets 
but they are arranged in a way quite different from that of 
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When transversely cut it is somewhat triangular in shape 
and there are four to six thin flat ovate 
seeds in each segment. The hard covering 
with its spines not only affords excellent 
protection to the seeds, but also helps the 
plant in bringing about the dispersal of its 

seeds. When wears hurl by the Tribulus 
, „ . fruit, while walking with hart: feet, we get 

Trill Zrel ani Wl and pick the fruit and throw it 
tris, top view. way ' J “is is exactly what the plant 

(One and a half needs and partly accounts for the persist- 

times nat. size.) eney with which this plant grows every- 
where. 

As another example, we shall examine the plant, (hjnan- 
T‘-9M ls Tentaphylla. This is a common weed of cultivated 
and neglected fields. This plant grows erect, branches freely 
the root and the shoot systems are very clearly marked. 
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the Tribulus leaflets. All the leaflets are at the top of the 
petiole, and the arrangement recalls to our mind the pal- 
myra leaf. As the disposition of the leaflets is similar to the 
arrangement of the main ribs of the palmyra leaf, the 



Pig, 7. A complete plant of Gynandropsis pentaphyUa. ' 
(One-vsixth of the nat. size.) 

arrangement is called palmate ; it is also called digitate , 
because the leaflets spread out like the fingers of a hand. 
The Tribulus leaflets are borne on the stalk like barbs on 
a feather of a bird, and so the arrangement is said to be 
pinnate. 

The flowers are axillary, but the leaves from whose axils 
flowers spring become very much reduced. All the parts are 
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present in these flowers. The outermost whorl of calyx 

consists of four sepals 
and the corolla of the 
same number of petals. 
Both these enveloping 
organs are close 
together* and they do 
not hold the most vital 
relationship to the 
formation of seeds, 
which is after all the 
most important duty 
of the flower. The 
essential organs, the 
stamens and the pis- 
til, stand out . very 
conspicuously, being 
borne by a stalk. Both 
the stamens and the 
pistil are providedwith 
stalks of their own. 

The Gynandropsis 
fruit is long and cyiin- 
dric, and it consists of 
a wall enclosing a 
single cavity with 
three or four rows of 
Fig. 8. The flower of Gynandropsis seeds. 
pentaphylla. (Three times the nat. From a study of 

size *' J • '* , these two plants, we 

learn that plants have - different organs doing different 
functions. Flowers are the organs set apart for the work of 
Reproduction and the other organs are mainly concerned with 
Nutrition . The root-system secures a firm anchorage for 
the plant and absorbs water whence it passes to the stem. 
The stem bears the leaves and the flowers, and it is the 
medium through which the raw materials for food pass. 
Leaves prepare the food needed for the growth of the plant. 
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CHAPTER III. 

THE SEED AND ITS GERMINATION; 

All plants begin their life as seedlings, which arise from 
seeds. So we shall examine a few common seeds with a view 
to learn their structure and then follow the process of germina- 
tion. The seeds of Tribulus and Gynandropsis, though 
simple in structure, are not so well suited for the purpose, 
as the seeds of pulses, e.g., Gicer arietimmi , Dolichos Labial >, 
Gajanus indicus , and Ganavalia 
ensiformis. 

The seed of Dolichos Lablab is 
oval, with a smooth surface and a * 
white streak on one of its sides. ' 
At one end of the white streak there 
is_a small pit, which is really a 
minute hole in the seed coat called 
■, the nvicrqpyle. When we press 

broadside view of a seed soaked seeds between the fingers, 
of Dolichos. water will be seen oozing out from 

the micropyle. 

Take a well soaked Dolichos seed and remove with a knife 
the outer covering or the seed-coat. This covering is really 
divisible into an inner, thin membrane and an outer, thicker 
firmer one. The whole mass, now-exposed, is the embr yo or 
| the young plant. On one of its edges there is a conical pro- 
I tuberance, which is called the radicle . with the help of a 
{ knife or a needle this mass may be separated .easily into two .. 
large fleshy bodies, or cotyledons (seed-leaves): which are not 
completely separate from each other, but are connected at the 
side, with the radicle. The end of the radicle fits into a ’ 
hollow cavity, in the seed-coat, exactly opposite the micropyle. 
Although the cotyledons fit very closely together, they come 
apart without tearing, as they are naturally separate. 

The structure to which the cotyledons are attached is 
called the primary axis, which by subsequent growth, 
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Fia. 10. The embryo and the primary 
axis in the seed of Dolichos. 
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Fig. 12. Seeds of Canavalia 
showing the wrinkling of the 
seed-coat. 


very rapidly. The gradual absorption of water by seeds is 
a very interesting process. Place some seeds in water and 
observe constantly for half an hour and, after that, at frequent 
intervals. Note whether the Soaking affects the size, colour 

and texture. Does the seed 
coat wrinkle? If so,. the 
wrinkles indicate the places 
where water has entered and 
the way it spreads inside the 
seed-coat. The wrinkling 
commences near the white; 
streak (biluin) and so it is ! 

obviou s that water enters, at 

..first . through the. micropyle,, 
though later on the entire 
surface of the seed-coat may 
absorb it. Further, the line 
of soft material which runs 
the whole length of the seed on one side absorbs water very 
rapidly. 

The cavity into which the radicle fits gets filled with 
water at the very outset. This water.? 
comes into contact with the radicle; 
which grows first; and also veryj 
rapidly. The part of the seed-coat; 
beneath the hilum stores up a consider- 
able amount of water for the benefit| 
of the developing embryo. Then the 
seed-coat and the embryo absorb plenty 
of water and, in consequence, the seed 
becomes larger and softer. It is only 
after this swelling has happened that 
the seed begins to show 7 any sign of 

germination. The swelling of the? 

seeds exerts a considerable amount of j 
pressure. This fact can be demonstrated by filling a narrow- 
mouthed glass bottle with seeds that will just pass through 
the mouth and placing it in a vessel containing water. After 
some hours or the next day the seeds would have hurst the 
bottle. (See fig.® 13.) * . 


u, kw ) '■ ' ’ f 

■< 1 . UV , 



bottle burst by the 
swelling of Benga} 
gram seeds. 
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uauei uie innnence or moisture and warmth the- embryo 
in the seed begins to unfold its parts. Somewhere dose to 
the micropyle the radicle makes its appearance breaking 
through the seed-coat, and mows downward towards the 
centre of the earth, whatever may be the position of the seed. 

In germinating seedlings the root grows in length at first 
and the lateral roots appear only later. This ensures the firm 
anchoring of the seedling. The next striking feature in the 
germinating seedling is the elongation of the part of the 
ibelow the cotyledons by rapid growth. A ' 
cotyledons are still enclosed by the seed-coats am 
of the axis below the attachment of the cotyledons 
assumes the form of an arch. 

(growth breaks through the soil < 
cotyledons and the plumule within. This 
straightens itself and the cotyledo— - 
coat. The escape of the cotyledons fr< 
important, because the plumule has to find 
grow into the shoot. In seeds i ’ ' ’ - 

not come out of the seed-coat, the plumule c 
a narrow |lit between the stalks of the cotyledons 
seeds of Bengal gram, Mango, and Calophidh ' 

(See fig. 16.) ’ - 

Prom the c ■ “ 

when the first green leaves art " ’ ' ' ~ 
upon the cotyledons for its food supply, 
dons are fleshy and thick; but ‘ 
gi-ow, they become softer and thi 
up. These, though considered as the first 
thick because they an 
growing embryo, 
the seed. 


axis 

At this stage the 
! so the part 
( huitomlyl) 
rile looped by pocotyl by its 
fragging along with it' the 
part gradually 
:)ns come out of the seed** ■ 

— ~i*om the seed-coat is 

— 1 its way out, to 

in which the cotyledons do 

-s emerges through 
. 3, as in the 
'mn mophyllurn, L. 

commencement of germination up to the time, 
■e unfolded, the seedling depends 
ip — S'- At first the cotyle - 1 
W the radicle and the plumule 
-■[inner and ultimately shrivel. 

. ; pair of leaves, are 

■e packed #ith food for the rest of the ' 
Water so eagerly and largely absorbed by 
as soon as it is sown, is useful at the very outset to 
cause the swelling of the seed and later it is used’ to convey 
ood from the cotyledons to the various parts of the seedling 
Where growth is actively taking place. 


THE SEED AND ITS aERMIN.^^ 

For germination the first condition that is 
supply of water to the seeds. This fact is obvious from our 
every day experience. An adequate anioiuit of warmth is » 
also, necessary. Access of fresh air to the germinating seeds 
•is another essential condition. The need for oxygen is not 
so much recognised by us as the other two conditions. But/ £ 
when we place soaked seeds in a bottle containing carbon ’ 
dioxide or hydrogen gas, they do not germinate, although >. 
there may be sufficient warmth and moisture. 

The behaviour of the embryo during the process of germi- 
nation and its dependence on the supply of oxygen for success- 
ful growth are sufficient indications that we are dealing with 
living organisms. This becomes all the more apparent, when 
we observe that the oxygen of the air is absorbed and in its 
place carbon dioxide is found. And this is exactly what 
happens in the breathing of an animal. All plants, like 
animals, must respire so long as they continue to live. As 
the process of respiration is one of slow combustion, heat is 
produced both in animals and plants. But the heat produced 
during the process, in the case of plants, is lost rapidly on 
account of the very large surface they possess. 

That germinating seeds are actively respiring may be 

demonstrated by means of 
a very simple experiment. 
Secure two bottles with wide 
mouths or conical flasks. Place 
inside one of them a few germi- 
nating seeds of Dolichos Lablab 
and close it with a well fitting- 
cork or rubber stopper having 
■ two holes. Close in the same 
way the mouth of the other 
bottle or flask, after placing in 
it some Dolichos seeds killed 
by boiling or by other means. 
Insert through one of the 
holes in the cork a thistle 
funnel tubfe, so that the end 
of the tube reaches almost the 
bottom of the bottle. Pass 



or germinating seeds . 
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into tine other hole a bent tube so that the end of the tube 
is on a level with the inner surface of the cork. Close both 
the funnel and the free end of the* bent tube so as to prevent 
the air from getting into the bottle. (Bee fig. 14.) After 
the lapse of a few hours (from .3 to fi hours) connect the 
free end of the bent tube with another tula* and dip it 
in a glass vessel containing lime or baryta water. Then 
pour water into the funnel to drive the air into the vessel 
of lime or baryta water. As the air bubbles through, the 
clear water begins to turn turbid and milky. This does 
not happen in the case of the bottle containing dead seeds. 
This milkiness is, of course, due to the precipitation of chalk 
(or barium carbonate) formed by the combination of carbon 
dioxide with the lime or baryta water, and it is obvious that 
the carbon dioxide has come from the germinating seeds. 


KOHf 


Fig. 15. Apparatus to show that germinating seeds respire. 

By using a different set of apparatus it may be shown that 
germinating seeds give out carbon dioxide even when air 
freed from this gas is supplied to them. Take a flask 
provided with a well fitting rubber stopper having two holes. 


a few pieces of clean wet blotting paper. Connect this flask 
with two cylinders containing lime or baryta water by means 
of bent tubes as shown in the figure. (See fig. 15.) Next 
connect the cylinder on the left (A in the figure) with a flask 
or cylinder containing a saturated solution of caustic potash 
and solid sticks of the same substance arranged as shown in 
the figure. The glass cylinder on the right side (B in the 
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Fig. 16. Seedlings of Calophyllum 
htophylhim, (Half the nat. size.) 


figure) should be connected with an aspirator bottle filled 
with water. All the connections made by glass tubes and 
rubber stoppers must be made perfectly air-tight. If water 
is allowed to flow from the aspirator bottle, air will be drawn 
in through the bottle containing potash and all the carbon 
dioxide in the air will be absorbed by the potash. The air 

thus deprived of the carbon 
dioxide will get into the 
flask containing germinating 
seeds. The lime or baryta 
water in the cylinder inter- 
posed between the seeds 
and the potash solution 
remains perfectly clear, 
whereas the baryta water in 
the cylinder lying between 
the aspirator and the germi- 
nating seed becomes milky. 
After a time the milkiness 
increases. It is needless to point out that the carbon dioxide 
has been evolved by the germinating seeds. 

The process of germination of the seeds of Dolichos Labial) 
described is quite characteristic of most seeds. However, we 
meet with variations, especially in the escape of the parts of 
the embryo from the 
seed-coat. So we 
shall study the 

germination of some 
other common seeds. 

In the Mango 
plant the seed is 
enclosed by a hard 
shell which splits on 
one side and the 
radicle comes out 
through the slit. 

The cotyledons are 
very large and are 

so gorged with food ~ ^ 

, „ . . , ._ _ Fig. 17. Seedlings of Bengal gram, 

stuff that they have (0ne and a ha j f times the nat. size.) 
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lost the power of actinias leaves and are unable to come out 
\ of the hard shell. The plumule manages to escape through 
|,a small slit lying between the . cotyledons at their base. 
Another exam pie of this sort is furnished by Cnfu/ikyihtw 
inophylhim ... The seed is enclosed by a hard shell as in file 
ease of the Mango seed and the escape of the plumule also 
is exactly the same as in it. In the Bony, a I gram seed we 
have an instance of a seed remaining underground during' 
germination. The plmnnlo abme escapes from the seed- 
coat, finding its way between the cotyledons at their base. 
The plumule lias in, all these eases to conn* out through a 
narrow slit, and so the formation of leaves is very much 
| delayed. The first few loaves, therefore, an* not well 
t^|;j developed ones ; they are small and are called “ scale-leaves." 

1 lathe Pumpkin seeds the radicle emerges through a small 
slit at the narrow end. The cotyledons 
cannot come out unless the slit becomes 
wider, because they are lar.ee. The 
radicle (level ops, close to tin* narrow 
end of the seed, a swelling which, like" 
a peg, keeps down the lower half of the 
seed-coat and the 1 other half is forced 
upwards by the cotyledons. Then the 
cotyledons come out, become 1 green, grow 
and behave like ordinary leaves. 

The Castor seed presents special 
features both as regards its structure and 
the process of germination. The seed-; 
^ coat is thick, hard and polished, and at- 
one end of the seed is seen a spongy 
outgrowth ( caruncle ). The mi crop vie 

is not visible as it is hidden by this 
outgrowth. After removing the seed- 
• ’ ■■ - coat we find a mass and if wo split 

^ this lengthwise in the plane of the flat - 

iW * vA '-it u r» i ■ side, we find a thin leaf-like structure* 
rsa, 18. Pumpkin _ . - y . 

y . . * seedling. lying tiat on each or these massive parts., 

. v ■* J r^.;;rv'fv These are the cotyledons and they are 

connected with a very small peg-like structure, the axis. 5 

.Thb , part on which „ the cotyledons are lying something \ 
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new and it is, called the findospn-m. This is really food] {* 
stored outside the embryo and it is intended for its use. | 


F iu. 1 9. Front and back 
view of Castor seed. 


Fro. 20. Transverse 
and longitudinal sec- 
tions of Ga stor seed. 


Fig. 21. The embryo of Castor seed with the pieces of 
endosperm one on each side. 

| The cotyledons are for this reason thin, and they absorb f 
I the food from the endosperm. They remain within the * (*. ‘ 


remain within the £ -k 
endosperm until all vt 
the food store is 
exhausted and then 
they come out, ex- 
pand and behave 
like green foliage 
leaves. 

The Maize grain 
may be considered 
next. It is la single- 
seeded fruit and 
not a seed. The 
emb ryo lies on one 
side of the grain, 
and it may be ex- 
posed completely 
by the removal of 
the thin skin. The 
embryo consists of a 
straight cylindrical 


Fig. 22. A Castor seedling with the endos- 
perm removed on one side so as to expose 
- the cotyledons. 

2-4 
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axis (the primary axis) and a single cotyledon in the form 
/-\ — of a shield folded over tin* axis. Tin* 

/ ^ I primary axis is attached at its hack. to 

f ■ <f A the '.cotyledon. The plurmdo is towards 
• .** / \ . the broader end of the gin in and the 

4 ///m radicle is on the lower narrow side. 
[ jj(uM\ Tin* f im.m * «*nd of i he radio!** is covered 
/Hr ^*V u special sheath, the mot-sheath. 
i The coty h*d*»n nr tin* srufrUam as it 

i/f \( rl I ^ called, is ikso* l*m*|y «*xpanded, and 
I jy JV one surface of it lies in close contact with. 
IV Wy *’ the endosperm and, therefore, nets as an 
'por' - ' 4 ■■ ' absorbing organ. During germination the 

* f radicle comes out first, breaking through 

te*. 23. The Maize the root-sheath, and grows downward, 
grain and its stnic- while the phllMlllo witU its summon 

b, radicle ; r. root- ot nnsheatlung loaves goes upward, 
sheath ; d adventi- As further examples we may examine 
tious roots. (Four the grains of Cliolam, Cumhn and Paddy, 
times the ant. In all these cases the greater portion of the 
" !/s 1 grain is occupied by the endosperm and 

the embryo occupies comparatively a very snail! space. 
Though smaller in size and 
different in shape, these are like 
the Maize in structure and in the V 
method of germination , / 

The emergence of the seedling / 
from the soil is an Interesting | 
process. In the case of the I 
Dolichos seedling, as well as in 1 
seedlings whose cotyledons come \ 
up into the air (and hence called \ 

| epigeal), the part of the axis \ 

(lying below the attachment of the 
cotyledons or the hypoeotyl, as 
it is called, grows very rapidly 2 4 
and comes out in the form of a tion*oi 
loop dragging along with it the styl 
cotyledons and the plumule. The c ’ rad 
loop being strong is able to pierce ( Twen 


EoaoipeiMo 





Fig. 25. Longitudinal section of a grain of Cumbu. 1 /endosperm ; 
2, seutellum or cotyledon ; 3, plumule ; 4, radicle ; 5, root-cap ; 
6, root-slieath. (Magnified about thirty times.) 


through the soil. After sometime the cotyledons reach the 
surface of the soil, and then they open to allow the plumule 
to grow. 

There are seedlings whose cotyledons always remain 
underground ( hypogecil) and in such cases the hypocotyl 


the seed and its germination 


Fig. 27. Maize seedling. 
m, membran e covering 
the embryo con sis ting 
of pericarp and seed- 
coats ; j», plumule ; r, 
root ; r.s, root-sheath. 
(Four times the nat. sizf .) 


Fig, 26. Longitudinal section 
of a Paddy grain. G, glumes | 
P, palea ; En, endosperm ; Sc, 
seutellum ; PI, plumule ; Ea, 
radicle. (Ten times the nat. 
size.) ' ' - ■ 
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never grows ; the plumule manages to come out of the seed- 
coat through a small slit at the base of the cotyledons. (See 
figs, lb and 17.) As the plumule has to push aside the soil 
particles and small stones, its free end is pointed. 

The seedlings of Maize and other grains mentioned 
already and those of Orinum behave in a manner somewhat 
similar to that of the hypogeal seed- 
lings, The cotyledon in all those 
"never leaves tin.* sued, and the 
plumule grows out pushing the soil, 
and this is the reason why the free 
end of the plumule Is pointed. The 
radicle grows 'out and the first root 
1 mrsts the root-s 1 lea i 1 1 ami gro ws 
downward. New roots arise from 
the axis and they grow vigorously 
bursting through tie* roots-heath and 
very soon attain tie* size of the first 
formed root, in the ease of the 
seedlings of Doliehos, Castor and 
other seeds dial have two cotyledons, 
all the roots arise from the first 
formed root and none from the 
axis. Roots arising from the axis ’ 
. .... and not thus confined to tin* first, 

•A (Three times the naiske.) | ,, ()0t u fc, C!l | lt>ll „j m ,Ufiunx rrnls. 

So the roots of the seedling of Maize ami oilier grains are. 



Fig. 28. Maize seedling, 
i\ root ; r.s , root-sheath : 
■y K ■&, mi membrane ; a./*, adventi- 
tious-roots ; p, plumule 



Fig. 29. Ciinum seedlings. a, need ; b, radicle ; c, stalk of the 
cotyledon ; tl, plumule ; e, endosperm ; f\ cotyledon. 


THE I SEEP AND ITS GERMINATION 2B 

adventitious. New "roots make tlieir appearance even in the 
seed stage in the ease of the Maize grain. (See fig. 23.) But 
in the case of the Dolichos seedlings and others having two 
cotyledons, the first root invariably gives rise to the whole 
of the root-system under normal conditions. 

The food stored in the seed, either as endosperm or in 
the cotyledons, is mostly in the form of starch. If slices of 
cotyledons or longitudinal sections of any grain are placed in 
an aqueous solution of Iodine, the former become completely 
blue and in the latter the endosperm, alone turns blue. 
This is the test for starch. The embryo in the seed or grain 
does not turn blue, and so it is clear that there is no starch 
in it. 



Fig. 30. Section of the cotyledon of ■Dolichos Lablab highly magni- 
fied (about 200 times), a, empty cell; b, cell- wall j c, protoplasm ; 
d, starch grains ; e, alenrone layer. 

To make out the nature of the reserve food material 
stored in the seed either in the cotyledons or as endosperm, 
it is necessary to make use of the microscope. We should 
take thin slices of the cotyledon or the endosperm and 
examine them under the microscope. On examining these 
slices it will be seen that the cotyledons and the endosperm 
consist of small compartments of various shapes and sizes. 
These compartments are called cells . All these cells will be 
found to be full of some ellipsoidal bodies. These bodies 
are the starch grains. Some cells are likely to be free from 
these grains, and, by examining such cells, it would become 
obvious that a cell consists of a firm cell-wall enclosing a 
cavity filled with some semi-transparent granular* reticulated f 
substance called protoplasm/ 
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All the activities in the living organisms that we observe 
are due to this .substance, and so it is sometimes called the 
“ Physical basis of life” To make out' the structure of a cell 
and its contents clearly, it would be better to examine* under 
the microscope the hairs found on the young, tender portions 
of the stem of a Pumpkin plant. The appearance of a single 
hair of this plant is figured here. The appearance of the 
protoplasm varies with the age and development of the cell. 
The cells of the hair of a Cue ur hi ta plant figured here may 
be taken as an exam pit* of a typical, fully grown, mature 
vegetable ceil. Within the cell, the protoplasm is in the 
form of a net- work. A - portion of this substance remains as 



( 1 allhtterta spiralis* eld. <y. 

t io ; Bl. Cells’.of the hair of Cucur- V chlorophyll grain ; /*.//♦., cell- 
lata, a, cell-wall ; b, protoplasmic wall; f. nucleus; Pe. L 

layer ; c, nucleus ; d. vacuole. (The peripheral layer of proto- 

hair is magnified about 50 and the plasm; Pe.s, protoplasmic 
cells 300 times.) strands; Va, vacuole. X 80O. 

a continuous layer lining tlie interior of the cavity and 
adhering closely to the cell-wall without leaving any 
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space. Several threads, some fine, others coarse, are stretched 
across in various directions from the layer lining the cell- 
wall. The spaces within the protoplasm are filled withj 
cell-sap and these spaces are called vacuole *. Somewhere! 
within the cell, either in the peripheral layer, or in the 
cavity, a somewhat rounded compact body will be seen. 
This body is called a nucleus . From the nucleus several 
strands run to the peripheral layer. As further examples 
for cells showing the protoplasm to the best advantage, the 
staminal hairs of Cyanotis and the longitudinal sections of a 
fresh leaf of VaUisneria spiralis may be examined. Both 
these are figured here. 

As has been pointed out already the major portion of the 
reserve food stuff stored in most seeds 
is starch. In the seed we do not find 
starch in the embryo, although there is 
plenty of it in the endosperm or the 
cotyledons. But soon after germination 
we find starch in the seedling, in the axis. 
So it is evident that starch has somehow 
been transported to the axis. This sub- 
stance cannot be transported as such, 
because it is insoluble in water. Unless 
this is rendered soluble in water it cannot 
pass into the axis. 

The protoplasm in the cells of the 
cotyledons remains in a dormant condi- 
tion, until water has access to it. As soon 
as water comes in contact with it, it wakes 
and begins to show its activity. When 
once it begins to be active it continues to 
he so without stopping until the cells 
become dead. 

One of the results of the activity of: 
the protoplasm is the formation of a 
peculiar substance called diastase . This 
substance has the power of converting 
starch into a soluble sugar. During ' 
germination the protoplasm in the cells of 
the cotyledons produces diastase, and this 



Fig. 33. Cells of the 
staminal hair of 
Cyanotis. c,w, cell- 
wall ; /L nucleus ; 
Pe.l, peripheral 
layer of protoplasm ; 
Pr\ s, protoplasmic 
strand ; Fa, vacuole. 
X BOO. 



MANUAL OF ELEMENT A. E Y BOTANY 


acts on the starch grains ami corrod 
converting them into sugar. If we <*> 
in the neighliourbood of tie* eotyledo] 
grain, we find several of them" eorrod* 


Starch grams- from .the tun 
A, entire grains ; B. eorroc 


sugar thus formed from the starcdi by the action of diastase 
passes as a solution, from cell to ceil, until it readies the ceils 
in places where growth is taking place.. The cells in the 
actively growing radicle and the plumule use up this sugar, 
to make good the loss due to- the process, of respiration, 

A plant, like other living organisms needs proteids to 
grow and so, besides starch, it should he supplied with this 
substance. In all seeds, in addition to sta re h, there will he 
found some amount of pmteid stored in the- form of small 
or large grains. In most cases it lies side by side with 


Fro. 35. Aleurone layer in the grain of Choi 
u/f, aleurone layer; /, testa ; //, nucleus ; p, p( 

starch as minute particles, and then the} 
only by special means. Sometimes the gut 
to a special layer of cells lying outside 
especially in the case of grains. This Is 
almrone layer, because the proteid m 
aleurone grains . 

The aleurone grains are particularly 
endosperm of the Castor seed. They exis: 


Yi^lKAt C*i i lift 
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bodies, varying in appearance according to the medium in 
which it is mounted for observation under the microscope. 
When the section of the endosperm is mounted in oil the 
aleurone grains appear as transparent ovate bodies ; a small 
rounded body is seen either at one end or on it, as shown in 



Fid. 36. Aleurone grains in the endosperm of Castor seed. c.w., 
cell-wall ; cr, protein crystal ; gl, globoid; algr, aleurone grain ; 
o.g, oil globules ; Pr, protoplasm, x 400. 

, ■ 

the figure. (See the three cells to the left in fig. 36.) If 
viewed in water then within the body a crystal is seen. 
This is really the proteid. (See the three cells to the right 
in fig. 36.) 

The reserve food does not always take the form of starch. 
It may be stored in various forms. In the Castor seed it 
takes on the form of an oil ; it may be stored as sugar ; and 
in rare cases it is stored even as cellulose, a substance of 
which the cell- walls are composed. This is the case in Date 
seeds. 
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CHAPTER IT. 

THE BOOT. 

One end of the primary axis of the embryo bears leaves, 
and it invariably grows upwards and comes above the ground, 
whereas the opposite end bears no leaves and it persistently 
goes downward into the soil. This descending part is the 
root and the ascending portion is the shoot. The first root is 
merely the extension of the lower end of the primary axis of 
the embryo plant; it very soon grows, develops branches, 
and ultimately there will be a well developed root-system. 

To follow the gradual development of the root-system, it 
is necessary to be constantly examining the root. One of 
the best methods of observing the gradual growth of the root- 

system is to sow seeds of 
different plants in a box pro- 
vided with a sloping glass on 
one side. The seeds of DoU- 
chos Lablab, Castor, Maize, 
Ground nut and Bengal gram 
may be sown with advantage, 
in the seedling observation 
box. The roots will grow 
close, to the glass pane in the 
box, and so their growth . may 
be observed with perfect ease, 
and without in the least affect- 
ing the roots. In the case 
of Dolichos Lablab seedlings 
growing in this box the tap 
root grows downward, and 
Fie. H7. A seedling observation when it is about two inches 
box with sloping glass front. long> branches arise upon it. 

similar in all respects to the 
main root itself, but thinner. The branches grow away from 
the primary root almost at right angles to it. More branches 
arise, and these grow out obliquely from their parent roots, 
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and this process of branching may go on until a very exten- 
sive collection of roots is produced, which constitutes the 
root-system of the plant. 

The branches in the root-system arise in a regular aeropetal 
succession and in the Dolichos Lablab seedling the branches 
spring from the main or tap root in four longitudinal rows 
around the tap-root. 

In the Dolichos Lablab seedlings, as well as in other seed- 
lings, the young tap-root and its branches are covered with 
downy root-hairs at a short distance behind the young tips. 

The root-system differs from the shoot in several respects. 
The shoot consists of a main axis bearing two kinds of lateral 
members, branches and leaves. The root-system, on the 
other hand, consists of a tap-root bearing only lateral roots. 
The lateral shoot begins as a bud standing in the axil of a 
leaf, and the axillary bud is a superficial outgrowth from the 
main axis. Further every main and lateral branch ends in a 
bud at the free end. The lateral roots do not arise as buds 



Fid. 38. Section of a root to show the origin' of lateral roots. 

L.r., lateral root. 

from, the outer portion, but they spring from the deep seated 
parts of the main root and push themselves out. The free 
ends of all roots are covered by root-caps. : 

Although roots do not bear buds normally they develop 
adventitious buds when injured. If the old underground 
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roots of a Peepul, or Margosa, or Odin a Wodier are severed 
from the main root, buds 'spring up from the cut ends of 
the severed pieces. These are called root-suckers . 


In most cases, the rpot consists of a leading tap-root 
bearing branches. The primary root may be the leading root 
or its place may be taken up by some other lateral root. 
The root-systems of plants vary very considerably in extent, 
and in all cases the total length of the roots is very much 
greater than what is naturally anticipated. The root-system 
of a Paddy plant, for instance, will be several yards in length, 
when the roots are placed end to end. According to the 
investigations of certain botanists the root-system of an oat 
plant measured 150 yards in length, although the spread of 
the root-system was only a cubic yard or two. The root- 
system of a Pumpkin plant is said by Nobbe to have measured 
5 kilometres (about 5,000 yards). 

The nature and extent of tlie root-system depends largely 
upon its environment. The texture of the soil and the 
amount of moisture in it are the factors that affect tlie 
development of the root-system. Plants growing in a very 


Fro. 89, Root sucker of Margosa. v One-tenth the nat. size.) 
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compact heavy ground cannot be expected to have a very 
extensive root-system, but in open loose sandy soil it will be 
very much larger. 

In young plants like those of Dolichos Labi ah all the roots 
of the root-system arise from the tap-root and the branches 
connected with it, and they do not normally spring from 
other parts. There are, however, a large number of plants 
that get their roots from parts other than the tap-root. For 
instance, numerous roots grow from the nodes at the base 



FiO. 40. Adventitious roots. 


of the stem of the Cliolam plant. All such roots are of the 
same size and they are called adventitious roots. All 
grasses, the Banyan and the Pandanus trees have roots of 
this sort. Adventitious roots do not arise in acropetal suc- 
cession. They are best adapted to utilise food materials 
from the upper layers of the earth, as the roots are small and 
equal. ,r : . 

Plants like other living organisms must take in food to 
enable them to live. They get their nourishment, partly 
from the soil and partly from the atmosphere. The most 
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important work tlie root has to perform is the absorption of 
water from the soil. To enable the root-system to absorb 
water, which is one of the most important of the food 
materials used by the plant, the plant should be firmly fixed 
in the soil so that it may not be upset easily. This work of 
anchoring it to the soil effectively is also one of the functions 
of the root-system. All parts of the root-system are con- 
cerned in the work of fixation. The tap-root gives support 
by going straight down and the lateral roots go in all direc- 
tions around the tap-root and the smaller roots also do the 
same; even the very delicate root-hairs help the root in 
fixation. The soil particles adhere to the root-hairs so firmly 
that they constitute numerous holdfasts. 

It is easily demonstrable that the root-system is an organ 
of support. Choose two or three well grown potted plants 
of about the same height. Cut through the main root of one 
or two without in any way interfering with the other roots. 
This will obviously necessitate the planting of a stick or other 
support to keep the plants erect. For the firm anchoring of 
the plant in the soil a straight deep root is best suited. Pul- 
ling up plants having shallow root-systems is quite easy, 
whereas deep-rooted plants are very hard to pull. 

The other function of the root-system, the absorption of 
water, becomes obvious if we leave 
off watering the potted plants and 
water the plants whose tap roots are 
severed. In both cases leaves drop 
off and the plants suffer. 

If the root is to do its function 
properly it should grow towards and 
into the soil. The tap-root has 
always a tendency to go downwards. 
Pin to the lower side of the cork of 
a bottle a few seedlings in different 
directions and replace it as shown in 
the figure, after pouring some water 
into the bottle to keep the air moist. 
After a few. hours, the roots in all 
the seedlings will be seen growing 
downwards. Change the position of the seedlings at frequent 



Fig 41. Seedlings fix- 
ed to a cork with 
roots in different 
directions 
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and seedlings to demonstrate 
the sensitiveness of roots 
to moisture. 


intervals and observe the roots. Even then the behaviour of 
the roots will be the same. This movement takes place under 
the influence of gravity. 

Roots are also sensitive to moisture. When the roots in 
• their downward and lateral course come to a dry region, they 
turn away from it and go towards the part of the soil where 
there is moisture. In water channels, tanks and wells that do 
not get dry, we generally see 
roots in abundance. These 
roots are those of the trees 
and shrubs growing in the 
neighbourhood. As roots are 
sensitive to water we find 
roots of plants in wells, rivers 
and channels. By a very 
simple arrangement it is pos- 
sible to demonstrate the sensi- 
tiveness to water exhibited by 

the roots. In a seedling pan place a small flower-pot, right in 
the middle, and sow soaked seeds in the seed pan all round the 
flower-pot at a distance of one or two inches. Fill the flower- 
pot with water. When the seedlings have grown well and 
have produced one or two leaves, lift the flower-pot and you 
will see the roots of the seedlings. They all come to the 
flower-pot because it contains water. For success in this 
experiment the seedlings should not be watered except when 
the seeds are sown, and even then very sparingly. 

The combined effect of gravity and moisture on the root- 
system is to make the roots branch well and go in all direc- 
tions in the soil. Plants that have long tap-roots will last a 
good while. As the roots produce branches at different 
heights, they are able to obtain water and salts at different 
levels. Further the main root goes on growing, and it 
ultimately stretches a long way down, so there is not 
much fear of its completely drying, except during a severe 
drought. 

The root must have a structure adapted for the work it 
has to do. All roots have a central region which consists of 
long, fine, hard stringy pieces. The root has not only to fix 
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the plant firmly hut has also to stand much pulling, when 
strong winds blow the stem on all sides. To be able to 
resist the pull a hard central core is necessary. A rope 
should have a strong core, if it is to be used for resisting a 
heavy strain or a pull lengthwise. If the central portion were 
to be weak it would break. 

Internal structure of roots . — 
The first root, as well as the 
lateral roots developing later, 
possesses a growing root-tip. In 
ail roots, whether main or lateral, 
these growing tips are smooth 
for a considerable distance. A 
little behind the growing tips, 
the roots are completely covered 
by downy root-hairs to a certain 
distance ; above this region, these 
hairs disappear and only rein- 
pants of dead ones are visible. 
The actual root-tip is covered by 
a root-cap which consists of a 
number of layers of cells. In 
most cases the structure of the 
root-cap, as well as its presence, 
can only be made out with the 
help of the microscope. How- 
ever, there are a few instances of 
roots in which the root-cap can 
easily be seen with the naked 
eye, as in the aerial roots of 
l^andanus and Banyan. 

The actual tip of the root is composed of small cells, 
in shape and filled with granular protoplasm, in 
which is embedded a pretty large round body. This is the 
nucleus. Wherever we see protoplasm we expect to find this 
nucleus within it. In the cells found at the growing tips, 
the nucleus is generally more prominent than in the cells 
found elsewhere. In these tips of roots division of cells is 

actively divid- 


43. A seedling with a 
tap-root covered with root- 
hairs. Cot., cotyledon ; Lr., 
root ; r.h., root- 
: .9. c., seed-coat. 
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Inasmuch as we find a group of cells all alike in form 
and doing the same kind of work, 
we may call these cells of the | *|| If |M|| 

root-tip a tissue and, as it adds I jJJ I If 'if , 

to the number of cells, it is spoken 1* ||i pj |H j |r 1 

of as me ri stem tissue. Further • 'f , 
back the cells become larger in . . If ' 111' 'Itf 

all directions and especially so ; l i | : > i |l|l| jfiji 

in the longitudinal direction. The ) 1 1 ‘ 

protoplasm filling the cells, instead. I I ||!|i f II 

of being compact, becomes some- I 

what loose in structure by having . |®\ IIISilfyB* 

a number of small spaces inside. fSyjj \ WlS'ljli \ 

These spaces are called vacuo] es J c ifcj w rc 

and the protoplasm is said to be fe§||/ 
vacuolated. The root-tip, which is 

smooth and devoid of root-hairs, . f 4, ^cot-tip of 

really consists of the two distinct r c The right } ian d 

parts, the formative region covered figure j s a longitudinal 

by the root-cap and the elongating section. 

region. ' " . . y ; y , 

The cells of the young root-tip are all living cells filled 

! with protoplasm, and so they 

are in need of # oxygen for their 
growth. For the admission of 
the air, spaces are formed 
between the cells. These spaces 
appear as dark streaks under 
the microscope between the 
; lines of cells. At first the cells 
get separated at some point, i.e., 
at the angles their walls make 

spaces ^ become united so that 
intercellular passages run 
among the cells of every region, 
and they are of different dimen- 
sions in different areas. These 
intercellular passages become 
open to the exterior in the 


Pro, 45. Hoot- tip of Set aria 

italica. X:^r. rfy;::y r . 
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upper portion of the plant. This enables the air to enter 

^ and circulate through 

the interior of the 
|^Ell||||| tissues. \ The openings 

= existing on the bark 

|==g| to facilitate the en- 

11! trance and the circula- 

tion of air are the 

^fill If The root-hairs 

=i||||f found on the surface 

gi|§|^.. c.p. of the root a short 

distance behind the 
C root-cap are long slen- 

/ der outgrowths of the 

R)< / superficial cells. In 

general, root-hairs 
''\vKJm have only an ephe- 

AjW meral existence. As 

v the root grows, new " 

Fig. 46 Root-tip of Setaria italica highly root-hairs arise always 

magnified, gp , growing point; re, at the same distance 

root-cap. The cells are all shown as T , . , . ^ , ** 

: , n , , . w i(1 ,. behind the rooWlfeti, 

empty cells with ou fcprotoplasm X 400. , , . . * 

Each root-hair consists 

of a thin wall of cellulose and a protoplasmic layer, and it is < 

U ; A ■ ■ -\ brought into close contact with 

pJ,.. c .w the particles of the soil, as it 

§ grows in amongst them. On 

coming into contact with the 
soil particles the outer part of 
the cell-wall becomes changed 
into a kind of mucilage. So 
the root-hairs adhere very 
closely to the soil particles 
which are always surrounded 
by films of water. 

Absorption of water occurs 
only through the root-hairs. 
The protoplasm and the water 
inside the root-hair contain 


Fro. 47. Root-hairs and their 
structure. C.W, cell- wall ; 
pr. t protoplasm ; n, nucleus ; 
root-hair. X 400. 
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certain substances having a great affinity for water. ®e : 
cellulose cell-wall of the root-hair is mucilaginous and 
pervious to water, so the films of water adhering to the soil 
particles get drawn into the interior of the root-liairs. This 
absorption of water can take place only under certain condi- 
tions : they are access of air, a certain amount Of warmth 
and of course a suitable supply of water. 

All substances that have to pass into and out of a plant 
cell must pass through both the cell-wall and the proto- 
plasmic layer. Pure water readily passes through both the 
cell- wall and protoplasm. Many substances may pass easily 
through the cell-wall, but they may not at all pass through 
the protoplasmic layer. Further the permeability of the 
protoplasm, even to any one particular substance, is not the 
same at all times. 



Fig. 48, Boot-hairs amidst soil particles. (Diagramatie.) r./i„ root- 
hair ; a?., film of water ; or., air space ; .s., soil particles. 


The water absorbed by the root-hairs passes through the 
layers lying beneath the root-hair bearing layer ( the pilifer- 
ous layer), and reaches the central core of the root. The 
cells in the central portion of the root are modified into 
special structures ( vessels), through which water will pass 
very readily. 

The transformation of the cells into vessels specially 
adapted for conducting the water absorbed begins in the 
central portion of the root. In older roots, root-hairs are 
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absent and the conducting tissue (vessels) will be abundant 
and so the older portions of roots have to be considered as 
mere conducting portions. 

To understand the structure of roots and its adaptation to 
the functions, it is necessary to examine roots at different 
heights. As types the roots of Bengal gram, Castor, Gucurbita, 
Benincasa, Colocasia, Onion, Cholam and Musa, may be 
examined. The growing regions of roots possess more or less 
the same kind of structure in all flowering plants. But in the 
absorbing regions there are differences in structure, and in 
the conducting regions these differences become still more 
marked. 
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Fig. 49. Vessels with different kinds of thickenings, a , annular 
vessel ; b and c, spiral vessels ; d, reticulate vessel ; e, pitted 
vessel. X 400. 

In the roots of plants like Cicer, the tissues through which, 
absorbed water is conducted forms a hard central cylinder 
surrounded by several layers of cells with thin walls, and 
this portion of the root is called the cortex . The cells in the 
central portion of the roots increase in number and some of 
these cells become changed into vessels which arrange them- 
selves in definite groups. These groups run longitudinally 
and are called vascular strands or vascular bundles. 

These bundles consist of various elements. Some are 
narrow or wide tubes called vessels and others are thick- 
walled, elongated or short cells. The vessels are formed 
from the fusion of the superposed cells ; the transverse septa 
of these cells are absorbed and the thin cell-walls become 
thickened by the addition of some substance in the form of 
layers on their inner surface. The thickening never takes 
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place uniformly. In great many vessels the thickening 
takes place all over the -wall, leaving certain . thinner 
places which we may call pits or pores. The thickening may 
take the form of a network and in a few vessels the 
thickened parts are like the rungs of a ladder. There are 
also vessels with the thickened part in the form of a spiral or 
isolated rings. Names are given to these vessels according to 
the nature of the thickening. If the thickening is very pro- 
nounced with only a few places not thickened, the vessels 
are called pitted vessels , as the thin areas look like so many 
pits. The vessels with reticulate thickenings are called 
reticulated vessels. Those with ladder-like thickenings go by 
the name of scalarifonM vessds ; when the thickening is 
spiral the vessel is a spiral one, and if annular it is an 
annular vessel . In a vascular bundle all or some of these 
kinds of vessels are found and they are all held together by 
certain fibrous elements which run between them. 

If we take the function of the root into consideration we 
may easily distinguish three distinct zones or, regions in the 
root. They are the extreme tip, the root-hair bearing region 
and the conducting part. The root- tip is covered at the end 
by the root-cap, and this is the region where cell division is 
going on rapidly and also the elongation of the cells. This 
is succeeded by the zone of the root-liairs, which is the part 
whose main work is absorption of water. All these regions 
are not sharply marked off one from the other, but the one 
runs imperceptibly into, the other. In the second absorptive 
region the beginnings of conductive tissue may also be seen. 
Lastly comes the conductive region which is really the fully 
developed portion of the root. 

We shall now consider in detail the structure of the 
roots of some of the plants already mentioned. Let us first 
study the root of Gicer arietiniim. A transverse section of 
this root taken through the growing tip will reveal under the 
microscope two distinct regions, the central core of cells in 
which the cells are small, though of different shapes, and the 
broad outer cylinder enclosing the central core.,;' The outer 
cylinder, consisting of uniform cells all thin walled and in 
several layers, constitutes the co r te x. The central core of 
tissue is called the stele. In the growing region of the tip of 


40 





.MANUAL OE ELEMENTARY BOTANY 


the root the cells in the stele will be remarkably uniform. 
In the upper part a few cells may be elongated. 

In a section taken through the part where the root-hairs 
are developed, the stele will show some amount of differentia- 
tion. The outermost layer of the cortex gives rise to the 
root-hairs and so, that layer is called th e piliferous layer. 


Fig. 50. Transverse section of a very young root of Gfrer avkthmw. 
The continuous layer of small cells in the form of a ring is 
the endodermis, and the four groups of thick- walled cells are 
protoxylem groups. X 400. 


All the cells contain protoplasm, except a few thick 
walled ones which are really the cut ends of vessels. These 
vessels are confined to the stele and in it they are grouped 
together in a definite manner. Within the stele we see in 
the transverse section four distinct groups of thick-walled 
vessels at equal distances from one another. (See fig. 50.) 
Of the vessels of these rows, those lying at the periphery of 
the stele and towards the cortex are smaller and they get 
gradually larger and larger towards the centre of the stele. 
From this it is clear that the old vessels are towards the 
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periphery anti the new towards the centre of the stele. In 
other words, the development of vessels in this case is 
from the circumference towards the centre. This kind of 
development is said to be centripetal . 

The structure of the same root., in a little older portion 
will be slightly different. The cortex will he quite distinct 
from the stele or the central cylinder (also called the vascular 
cylinder, because the vessels appear only within the stele). 
The innermost .layer of cells in the cortex becomes very 
well marked, and it is termed the eudodernux. Everything 


Fig. 51. Transverse section of a very young root of Cieer arietinum 
a little older than in fig. 50. 1, protoxylem ; 2, phloem; 3 
cambium ; 4 pericycle. X 400. 

enclosed by the endodermis forms the stele. Within the stele 
will be seen the four groups of vessels, which have increased 
in amount, and have by now all met in the centre (see tig. 
52). Alternating with these four groups of vessels, which 
are called groups, there exist four masses of thick- 

walled cells in the stele, though very close to the cortex. 
These thick- walled cells are really elongated structures and 
they are called fibres or sclerenchyma. Close to the fibre 
groups and within the stele we see a few cells irregularly 
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arranged, and varying in size. Some of these are really 
thin walled vessels having at intervals perforated transverse 
partitions. On account of these sieve-like partitions these 
vessels are called sieve tubes. As a large number of sieve 
tubes are found together in groups in definite situations, these 
groups are called the ghloeni. Close to the phloem we 
generally find fibre groups. In the stele the peripheral por- 
tion lying in close contact with the endodermis and outside 
the fibre groups is called the jjericyele. This layer is a very 
important layer in the case of the root, and it consists of a 


Fig. 52, Transverse section of Cicer root older than in 
fig. 51. X 200. 


single layer of cells, though it may have in certain places more 
than one layer. Between the ^yleui and the phloem groups 
there are one or two layers of cells quite regular in arrange- 
ment, full of protoplasm, broader than long and standing 
out very distinctly. These are cells undergoing division, i.e., 
they are meristematic cells. Such meristematic cells as these 
are also found on the outside edge of the xylem groups, and 
they are derived from the pericycle. These two groups 
of meristematic cells become extended and so we see a 
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continuous ring of meristem. This wavy ring is called the 
CQmVium ring . 

The function of the cambium ring is to produce cells, 
both inside (towards the xylem) and outside (towards the 
phloem). These cells become gradually transformed into 
xylem elements or phloem elements, according to their posi- 
tion. The vessels and cells that are brought into existence 


Fid. 53. Transverse section of the root of Cicer arietinum, a 
stage later than in fig. 52, X 400. 

by the cambium ring must be differentiated from the vessels 
in existence prior to the formation of the cambium ring. 
All the tissues derived from the original meristem tissue of 
the growing points are called primary , and so the xylem and 
the phloem formed in the root before the establishment of 
the cambium ring are primary. The cambium itself is 
newly produced, by the activity of the mature cells that 
have become permanent ; and so this is secondary meristem 
and not primary. All the tissues originating from the 
cambial activity should be called secondary. Hence the xy- 
lem formed by the cambium is secondary xylem or wood, 
and the phloem is secondary phloem. The development of 
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the secondary xyiem in. the root is from the centre towards 

the periphery, i.e., centrifugal. . .. 

^ ^ j n 0 [ { [ el . portions or 

B roots the cambium as- 

sumes the form of a 
regular ring and it is a 
c c hollow cylinder enclo- 

sing a mass of xyiem both 
primary and secondary. 

| The phloem lies outside 

\ the cambium ring. It is 

surrounded by the cortex 
which may he decaying. 

1 | 1 U Very soon the cortex 

§ / ill $1 J wears out and its place is 

§ taken by lay ers of special 

S? t cells called cork_ cells.. 

® ^ I | l derived from a cork cam - 

]j | [i | ji ...cal hi a m arising from the 

| :■ pericycle. 

I \ From what has been 

I | m said above, it is obvious ■ 

I W W ^ that a transverse section 

Fig. 54, Sieve tubes in longitudinal () f au 0 }<i root should 

section. (Cucurbitu nuurhna stem) f ro m that of a 

Sit, sieve tube ; S/.p., sieve plate : ^wh 

Cal , callus, O.C.. companion cell. young root n oi ; mud m 

v inn its Structure, the cortex 


Fig. 54. Sieve tubes in longitudinal 
section. ( Cucuvbita wax'nna stem ) 

Sit, sieve tube ; Sip., sieve plate : 

Cai callus," O.C.,_ companion cell. 

x 400/ V 

with its piliferous 
layer sloughs off T 

in the older roots, 
and the function Y \C0h 
of protection is l Ijt&jSSM 
then assumed by A 
cork layers 
formed by the cork 
cambium, arising 
from the pericycle. ( 

The secondary m56t giev(? . 
WKIaMri will.be ill Uta maxim 


Fig. 55. Siev§ tube, transverse section. ( Gucur 
Ufa maxima stem.) C.O., companion cell 
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>7. Transverse section of the root of A radii* hypogmi Note 
the four groups of protoxylem, the four group's of secondary 
xvlem and the cambium. X 400, 


Fig, 56. Transverse section of the root of Benin cam cerlfera . 
Ca, cambium ; Pr. protoxylem ; PA, phloem. X 400. 
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although often interrupted:^ continuous layers of uniform 
cells called medullary rays. The masses of primary phloem 
generally get pressed out of shape. 

In all essential respects, the roots of dicotyledonous plants 
resemble the Cicer root so far as structure is concerned. 
The roots of Sesbania ymndiflora , AraeJm hypogcea, 
AlMzzla Lebbek and Benincasa eemifera are similar to the 
Cicer root in having four protoxylem groups. 


58. Transverse section of the root of Castor to show the proto- 

f lem and secondary xylem. Ca., Cambium ; Co , cortex ; 

, endodermis ; Ph, phloem ; Pj\ primary xylem; secondary 
.xylem. X 400. 


. f J ' However, in the matter of protoxylem groups, dicotyle- 
donous roots vary. Instead of four groups, there may be 
two, thss4 six or m,ore. But, the number of xylem groups is 
never very large. The root of Oucurbita maxima and the 
aerial root of the Banyan have six protoxylem groups ; in the 
root of the Radish and Mustard, pla nts -we find only tvyo of 
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these. In the root of the Castor plant there are four, five or 
six protoxylem groups. 



Fig. 59. Transverse section of an old root of Alhhzla Lehhele. 
Pr . xy, primary xyiem ; Se. xy, secondary xylem. X 100. 



Fig. 60. Transverse section of a very young root of a Cucurbit, a. 

1, protoxylem ; 2, protophloem. X 400. 

After the formation of the cambium ring the secondary 
wood is formed, and after a time both become quite continu- 
ous ; so that in an old root the protoxylem (i.e., the primary 
xylem) cannot be made out except in the earlier stages or in 
exceptional cases. 

Structure- of monocotyledon ous roots . — Monocotyledonous 
roots do not differ from the dicotyledonous roots, so far as the 
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structure of the growing* point is concerned; But in the 
absorbing and the conducting regions, there are some 
differences in structure. As an example of a monocot, vied- 
onous root we may examine tlie root of Gohmsia Auhquonim. 
If we examine a transverse section of this root we find the 
stele and the cortex very well differentiated, as the endo- 
dermis is very distinct. Within the stele there are a number 
(varying from nine to eleven) of protoxylem groups alternat- 
ing with as many phloem masses. The pericycle is also very 
clearly seen. The cells of the endodermis have their lateral 
walls (and sometimes even their inner wall) thickened. All 
monocotyledonous roots have more or less the same structure. 


Tv 

fill 


Fto. Gl. Transverse section of the root of Coiocasia showing the 
stele and the cortex. Note the nine protoxylem groups. X 100. 

Within the stele, only the xylem and the phloem groups 
are formed, and no cambium arises, as in the case of t lie 
dicotyledonous root. The development of protoxylem is 
centripetal. The cortex persists in the case of the mono- 
cotyledonous Type of l root,' “and some of the peripheral, 
layers may also become thickened, This part is termed 
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exodermis, and it may consist of only a single layer of cells, 
as in the root of Paddy or, it may have more than one, as 
in the case of the Cholam root. 

As further examples of the monocotyledonous roots we 
may examine those of Onion, Andropogtm Sorghum and 
Musa paradis iaca . 

In the Musa root the endodermis is a very striking layer, 
on account of the great thickening of the inner wall of its 



Fro. 62 . Transverse section of Colocasia root showing the stele and 
the endodermis. 1, endodermis ; 2, pericyele ; 3, protoxylem ; 
4, phloem. X 400. 

cells. Close to this is seen the pericyele, and the stele is 
somewhat different in structure from that in the Colocasia 
root. There are more than thirty groups of protoxylem 
alternating with as many phloem groups. The central 
portion of the stele is occupied by numerous xylem vessels, 
and there are also phloem groups irregularly disposed 
amidst the xylem. The cortex presents no special features, 
except the very regular arrangement of the cells with uniform 
intercellular spaces. Another marked feature is the lignih - 
cation of the walls of all the cells within the stele except 

4 ' ■ 
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the elements of the phloem. The exodemris 1M 11nt so well 
developed in this root . 

, Yr t? 


Fig 63. Transverse section of Musa root showing a portion of the 
' peripheral part of the stele. Co, cortex ; M : P> ’ 

nrirnarv xvlem : *>, xylem vessel ; Ph, phloem. X 


YG. 6B-A. Transverse section of Musa root showing a portion of 
the peripheral part of the stele. 1, cortex : 2, endoderrais ; 
pericycle ; 4, phloem ; 5, xylem. X 500. 

The root of the Onion plant presents a much simpler 
structure. The cortex is generally very broad and the stele 
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Fig. G5. Transverse section of a root of Andropogon Sorghum. X 80. 
4-a 
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certain respects. Below the piliferous layer we see in this 
root a few layers of cells with very thick walls, and this is 
the exodermis. (Bee fig. 66.) In- roots that are aerial the 
exodermis is very well developed, and the reason for this will 
become obvious after the study of the structure of the 
stem. The endodermis is similar to that of the Musa root. 
There are very many protoxylem groups, the number being 
sometimes over forty. Generally. the pith, consists, ol 
uniform cells. The pericycle is very well defined and lies 
immediately beneath the endodermis. 
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FiU. 66. Transverse view of a portion of the cortex of Cholam root. 
r.h, root-hair ; p.l, piliferous layer ; ex, exodermis ; do, cortex. 
X 400. 


In the case of roots the pericycle is a very important 
layer, because, in both dicotyledons and monocotyledons, the 
lateral roots arise from it just close to the protoxylem. In 
dicotyledonous roots, there will be as many longitudinal ro ws 
of lateral roots as there are protoxylem groups. For instance, 
we see in the tap-root of the Dolichos seedling four 
longitudinal rows of lateral roots, and the protoxylem groups 
are usually four in this root. The root of the Radish has 
only two protoxylem groups, and hence we see in it only 
two longitudinal rows of lateral roots. 

Having now learnt the structure of roots, we shall next 
study how far the structure is adapted for the function the 
roots have to perform. Considering the absorptive work of 
the roots, it is obvious that roots should grow in length. 
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otherwise the roots may not get water to absorb. The part of 
the root that is best adapted for this growth is certainly the 
free tip or end of the root. Other parts, the root-hair bear- 
ing region and the conducting regions are most unsuited to 



Fig. 67. Transverse view of a portion of the stele of Cholam root. 
go, cortex ; en, endodermis ; ph, phloem ; pr , primary xylem ; 
xy, xylem vessel ; pe , pericycle. X 400 

bring about the growth in length. Should these parts grow 
the root-hairs will be damaged very much. The naked 
tips are very delicate and need protection, and this is 
afforded by the root-caps. As the root-cap wears out at the 
outside, fresh layers are added on from the inside. The 
main work of the root-tip is to produce more cells and thus 
bring about elongation. There are really two portions in the 
root-tip, the extreme end or the formative region where the 
cells are always actively dividing and the elongating region 
in which the cells become gradually elongated. Root-hairs 
do not appear in these two regions. If they appear it is a 
sure indication that growth in length has practically ceased. 
As already pointed out, if the root-hairs were to appear in 
the part undergoing elongation they are sure to be crushed 
and their efficiency would be impaired. The second region 
of the root is the absorbing region. Here the root-hairs 
are well developed from the outermost layer of the cortex. 
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The cells of the cortex, lying below the piliferous layer 
become larger, and this is what is best for the storage of 
water. As the absorption increases, the pressure in the cells 
of the cortex, will also increase. But this increase of pressure 
is not allowed to go on indefinitely. The conducting 
tissue draws' away water from the cortex and this leads 
to the diminution of pressure. As root-hairs are developed, 
all round the root, water must of necessity be stored in the 
cortex. Simultaneously with the development of root-hairs 
outside, vessels make their appearance in t he stele. The xylem 
tissue (or the vessels) in the stele conducts the water very 
quickly and thus the pressure in the cortex is very soon 
lessened. 

The life of the root-hairs is generally very short. They 
are active from a few days to two or three weeks. We already 
know that these are the organs directly concerned in the 
absorption of water. The very small quantity of water exist- 
ing in the form of films around the soil particles find their 
way into the interior of the root-hairs. The protoplasm 
within the root-hair seems to secrete certain substances that 
have a great affinity for water, and so the water gets into the 
root-hair. The root-hairs tend to increase the surface for 
absorption very considerably. 

The older portions of the root are purely conducting 
regions. The root-hairs are in such parts decayed and the cells 
of the cortex become dead. In the dicotyledonous roots the 
cortex, as has already been said, sloughs off and the necessary 
protection is given by the cork layers derived from the peri- 
cycle. In monoeotyledonous roots on the other hand, the 
cortex persists, though the cells cease to be living. The 
cortex is needed to afford protection to the structures inside. 

The root of a large tree must be extensive and capable of 
increasing in thickness. A large tree possesses a very stout 
trunk which may bear several very stout branches ; and then 
the trunk needs propping up on all sides. Many of the roots 
at the base of the trunk become very much developed and 
look like so many buttresses to support the trunk. Often 
trees happen to grow in odd out-of-the-way places and even 
then the root-system adapts itself very well. For instance, 
a tree whose photograph is reproduced in fig. i)$ was growing 
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oil a fort wall and the roots had to adapt themselves to their 



Fig. 6b. A Peepul tree with its roots on 
the face of a fort wall. 


new situation 
and they have 
done it admir- 
ably, as may be 
seen in the figure. 

So far we have 
been dealing 
only with normal 
roots of land 
plants. And the 
functions of 
these are only 
fixation and ab- 
sorption of wa- 
ter. Roots have 
sometimes to per- 
form other duties 
besides these. 
In the case 
of plants such 
as Sweet Potato, 
Radish, Carrot 


and Turnips the roots are at first normal and they do the 


usual duty when they are young. 




Fig. 69. Radish. 


But, as soon as they grow bigger, the roots begin to swell and 
increase in size. This is because the roots become the 
reservoirs for the storage of reserve material. 

All normal roots are underground. There are, however, 
many plants in which they are not underground. For 
instance, in Pandanus, Banyan and Gholam plants there are 
loots that remain in the air for a long time, although they also 
penetrate into the soil afterwards. Such roots prop up the 
plants after entering the ground. When once they get into 
the soil, these roots also behave like ordinary roots. 
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The Banyan tree is an interesting om 
Besides having the well known aerial roots 


Fig. 71, The aerial roots of the Banyan tree. 
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epiphytic in the seedling stage, especially when the seeds fall 
on other trees. We often see Banyan seedlings on palmyra 
trunks. They grow in this position, and the roots encircling 
the stem and then gradually going downward get into the soil. 

In some climbers such as the Pepper and Pathos scandem 
we find aerial roots at the nodes and these help the stem to 
cling on to the bark of the trees on which these grow. (Bee 
fig. 73). 



We have a large number of plants mostly of the family 
Orchideae whose roots remain in the air without ever getting 
into the soil. All such plants are called epiphytes. The roots 
of epiphytes are specially adapted to obtain water and salts 
mostly from the atmosphere. The aerial roots of these plants 
have a few of the peripheral layers of the cortex modified 



■ Vi 




THE ROOT 


59 



special bodies varying in shape and size, and these are called 
bacterial nodules. They are called so, because they are 
brought into existence by bacteria. These nodules have the 
power of using the nitrogen of the atmosphere and thus lead 
to an increase of nitrogen in the soil. 


Fig . 75. The breathing roots or pneumatophores of 
Avicennia. 


Plants growing in salt marshes have their roots in the mire. 
So the root-system cannot obtain sufficient quantities of 
oxygen for respiration unless there is some special adaptation. 
The roots of these plants send up into the air special roots 
possessing a hole at the top to allow air to get into the root- 
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system. These are called breathing roots or pneumutophorcs 
or pneimi a t hades . 

Lastly we should mention the modified roots of parasitic 
plants, such as the Loranthus and the Viseurus. These 
parasitic plants grow on the branches of other plants, sending 
their modified roots (hamtoria) into the interior of the 
branches of their host plants. Complete fusion takes place 
between the xylem of the haustoria and that of the host 
plant. Some parasitic plants attach themselves to the roots 
of their host plants, instead of the stem or branches. Striga 
luted and the Sandal wood tree are well known parasites. 
Both these plants do not look like parasites, because the 
haustoria are attached to the roots of the host plants that are 
underground. 



Fig 76. The breathing roots of Avicennia. 


A very remarkable root parasite thrives in the island of 
Sumatra. It consists of only a gigantic flower attached to the 
root of vines. When in full bloom the flower is said to be 
about a metre in diameter and many pounds in weight. 
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THE SHOOT 


CHAPTER Y. 

THE SHOOT. 

From the study of seeds and seedlings we have learnt 
that the embryo plant consists of a primary axis and cotyle- 
dons and that the former grows into a seedling. The primary 
axis invariably emerges out of the soil, at first as a loop, 
and then erecting itself grows and produces green leaves. 
Further the plumule, which in the seedling develops into an 
axis bearing green leaves, will always go straight up seeking 
air and light. We speak of the aerial portion of a plant as 
the j/wMa and in the case of a seedling the shoot consists of 
only a few leaves and an axis. 

By closely looking at the branches and twigs of any 
common tree we find that these grow out into the air so as to 
get plenty of air and sufficient light. The parts of the shoot 
system need air and light to discharge their functions and, 
therefore, stems and branches grow towards the light. All 
green plants possess the power of adjusting their branches to 
light. That the shoot of a young plant lias a percep- 
tion of the direction may easily be demonstrated. If a 
flower-pot- in which seedlings are growing be placed on its 
side, so as to have the axis of the seedling parallel to the 
ground, the shoot will begin to curve upward somewhere 
near the young tip, and in about an hour or two there will 
be a distinct curvature and the shoot will assume an erect 
posture by bending at right angles to the ground. The up- 
right position of the stem is after all the most advantageous 
one for the plant and so the shoots of all green plants assume 
this position. 

(The plumule, which develops into the primary shoot in a 
seedling, is only a bud occupying the free end of the primary 
axis. We cannot make out its structure at the earlier stages 
of its development. But, as soon as it begins to grow in 
length, it becomes apparent that it is only a short stem hidden 
by a number of enfolding leaves. Gradually the stem 
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elongates, the nodes become separated from one another and 
the leaves also, which are crowded upon it at first, become 
separated. The leaves develop in acropetal succession. 

(All plants begin their lives with a single stem and after- 
wards branches grow out from the axils of leaves. Branches 
behave like the main stem, in the matter of .producing bran- 
ches.- So the shoot-system of a plant or a tree is merely 
a repetition of the stem from which it arises, and it consists 
of a number of branches, and every one of them consists 
of an axis, and the leaves and flowers borne by it. The 
axis is divisible into nodes and internodes, and it terminates 
in a bud. All growing normal branches have buds, at their 
free ends. If the apex of a branch ceases to be active, on 
account of unfavourable conditions, the terminal hud assumes 
the form of a resting bud and becomes prominent as in Mango, 
Cinnamomum, Rhododendron and Mahogany. 

In addition to the terminal bud, every branch possesses 
also axillary buds. In a branch all the leaves have axillary 
buds, and so there will be as many buds on it as there are 
leaves. Generally these buds do notarise from the axils of 
cotyledons, but even this is not without an exception. Buds 
develop from the axils of the cotyledons in the Ground-nut 
plant ( Araelm hypogcm). 

When the plumule is injured while still very young, axil- 
lary buds sometimes grow out from the axils of the cotyledons 
as in the case of the Mango and a few leguminous seeds 
(Canavalia ensiformis). 

The primary shoot, in virtue of its having axillary buds, is 
capable of producing a large number of twigs. Bo the young 
branches increase rapidly causing the formation of a large 
shoot-system, which constitutes the body of a shrub or the 
head of a tree. The branching and the general "shape of the 
head of a tree is sometimes quite characteristic of the species 
as in Odina Wodiev , Ailanthus excdsa, Acacia planifrom 
and the Rain Tree. 

The bud and the branch.— A bud, terminal or axillary, is 
only an undeveloped branch. It consists of a free end which 
is a mass of meristem cells, covered by the very tender young 
leaves in the course of development. The leaves arising as 
protuberances from the surface of the free end, which is 
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called the growing point, grow earlier and faster than the axis 
so that it may have protection. 

(See fig. 80). A branch may 
have a large number of buds, 
but only those that have the 
best chance grow. There 
are generally more buds than 
there is space' for, and so 
there will be a struggle for 
existence amongst them. 

Those buds that have more 
sunlight and room than the 
others grow best. The ter- 
minal bud and the axillary 
buds towards the top of the 
branch grow better and 
become larger because they 
get more sunlight, air and 
room. 

Twigs in some cases tell the story of their own growth. 
By an examination of a twig it is possible, in many cases, to 



Fig. 81. The growing point of a stem. (After Sachs.) 
X 400. 


determine exactly its age. It is especially easy in twigs that 
possess scaly leaves covering the bud, to determine their 
age. In such twigs, the scars of the scaly leaves are succeeded 
by those of the foliage leaves. The twigs of Mango and 
Mahogany are good examples to illustrate this point. 

The primary shoot of a plant is at first single. It may 
continue to grow and produce branches, or it may grow as a 
5 



Fig. 80. The growing point 
of a stem. X 100. 
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simple straight stem without any branches and remain so 
throughout its life. In the case of several palms, such as 
the Coconut, Areca-nut, Palmyra and other palms the stem is 
single, and it bears no axillary buds. When a stem goes on 
elongating by the growth of its terminal hud for a Jong time 
it is said to be a branch with indefinite growth. Sooner or 
later, branches grow out from the lower axils, also ami these 
may be numerous and all smaller than the main stem. This 
mode of branching of the stem is called mctuuoMj and the 
branch whose elongation is due to the growth of the terminal 
bud is said to be a monopodinl branch. 

The terminal bud, instead of continuing the growth of 
the axis, very often ends in spines or flowers and so the 
main axis ceases to elongate. For instance, in the plant. 
Carissa Ccmardas , the growing point ends in two spines and 



Pig. 82. Twig of Mango. Fig. 83. Twig of Mahogany. 

a , terminal scaly bud. a, scales ; 6 , e, d, scale scars. 

b, c, d, scale scars. 

4 % 

the two axillary buds in the axils of the leaves immediately 
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below the spines grow into branches. These also, after 
producing two or three pairs of leaves, end in spines and 


behave in the same manner. 

In the Cotton plant the 
flowers are opposite the leaves- 
This is so as the main axis 
ends in a flower and there is 
no growing point to continue 
the growth of the same axis. 
The axillary bud lying imme- 
diately below the terminal 
growing point grows and con- 
tinues the axis, by pushing 
aside the flower. So the in- 
ternodes of the flower bearing 
branch in the Cotton plant 
are not all derived from the 
same growing point. /Such 



branches as these are called ^ ^ 

the^^p/vy;; 


A branch of Qarissa 
Car cwdas. 


sympodiul branches | and 

nching is cywme. , 

Branches of Vttis gmi^rcmgula?n$- bearing tmrtrus tclimD- 

ing organs) may be taken as 
an example of a sympodial 
stem. Obtain some branches 
of this plant and choose two, 

one having tendrils from every 
node and another having them 
only at some of the nodes. In 
a branch having tendrils from 
every node an internode 
springs from between a leaf 
and a tendril. On the other 
hand in a branch without ten- 
drils at the nodes, we find a 
leaf, an axillary bud and the 

main axis, at every node. The 

axillary bud is small and it 
lies between the leaf and the 
main axis. By comparing the tendril bearing node with one 



Fig. 85 . 


. AV3r . A flower bearing 

branch of the cotton plant. 
A, B, C, internodes ; a, b, 
flowers ; a\ h', c\ leaves. 
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having no tendrils, it. is possible to make out the nature of the 
tendril. The tendril is found opposite the leaf and the inter- 

node lies between it and 
x. J the leaf. Judging from the 

relative position of parts, the 
N|^0) tendril is in the position of 

|j ' the main axis, and the inter- 

* II 0 / node is found in the place of 

the axillary bud. In the 
/ ^ Ss \ Yitis branch figured here the 

\ o|| internode 44 B *’ arising from 

N. the axil of the first leaf is 

evidently derived from the 
§1^ axillary bud of that leaf. 

I The tendril found, opposite 

lij jLs 1° this leaf is really the 

main axis which, has given 
wT rise to the axillary bud, 

A l\ now grown, into an inter- 

node 44 B,” the second leaf 
Fin. 86. A tendril bearing branch and the second tendril. As 

of Vitifr (nui(lra)inidaris. A, B, ii,„ „ » V . 

n t-v . /•••• .-. r 7 / the axillary bud has grown 

C, D, mternodes ; «, b, c, d* . 

leaves ; a', h\ e', d\ tendrils. more vigorously than the 

main axis (now a tendril) 
it has pushed it aside. The internode u C,” the third tendril 
and the third leaf are derived from the axillary bud of the 
second leaf. Similarly the internodes “ 1 ) ” and 44 E ” are 
derived from two different axillary buds. The axis of the 
branch is straight and consists of the several inter nodes “ A, ” 
B,” C” and D.” Now it is obvious that all these inter- 
nodes though continuous are not produced by the same grow- 
ing point, and that each one is developed from a separate grow- 
ing point. The internode 44 A ” has an origin different from 
that of B ” or C” or “ D.” The whole branch “ A ” to 
44 D ” though appearing as one continuous piece of axis really 
consists of four separate axes derived from different growing 
points. 

Modified stems . — Stems generally grow erect, but they 
do not always do so. Many plants have very weak stems 
and they cannot be expected to maintain an erect posture 
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without supports. Such plants if not supported must grow 
along the surface of the soil. The branches of the plants 
Hydrocot yle asiatica, Ipomcea rent for mis and Lippi a nodi - 
flora creep along the ground ; and as they do so, from their 

nodes adventitious 

Fig. 87. Stolons of. Hydroeotyle miaiim, independent 

plants, if they get 

severed. Such branches as these are called runners or stolons . 
Certain plants have a tendency, because of their weak 

stems, to twine them- 
■/ selves round a sup- 

Cf port. Several species 

J of Ipomoea, Dolichos 

( Lablab , Clitoria Ter - 

1 mgsv natea and Teramnus 

Jjb f laMalis are such 

^ . 1/ plants. All these 

Jf plants are called 

M twiners, because their 

'SMiM stems twine round a 

Jmk support. The support 

W* may be the stalks and 

branches of plants 
growing near. When 
\ I the stems of climbers 

l)ecome thick and mas- 
1 Bive, they are called 

n/ 1 Hanes. For instance 

| the plant Combretum 

ovalifulium is such a 
one. $ 


Fig. 88 . Twining stem of Dolichos 
Lablab . 




Again there are certain plants like the Gourds and the 
Cucumbers that climb by means of special structures called 
tendrils. The nature of the tendril varies with the kind 
of plant. It is a branch in Passifiora, because it springs from 
the axil of a leaf ; in the Pea plant the tendril is in the 
position of a leaflet; it may arise from the apex of a leaf, 
as in Gloriosd superha ; the flower-stalk sometimes develops 
into a tendril, as in Cardiosperamm and Antigonon ; in some 
species of Cucurbita it is a leaf. 


Fra. 89. Old twining stems of 


The axillary branches sometimes remain short and become 
pointed at the tips instead of developing into leafy branches ; 
such branches are called spines or thorns. Very often these 
spines, 01 anested branches bear leaves and may also develop 
into leafy branches under exceptionally favourable conditions, 
and especially under cultivation. 

4 Underground stems .— There are many plants in which 
the main portion of the leaf bearing axis generally remains 
underground and only the leaves and the tip of the axis of 
the blanches come out of the soil. In such cases the stem 
becomes thickened, grows horizontally either at the surface 
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of the soil or below it, giving off leaves above and roots 
below. The underground portions of the plants Ganna 
indtca , Ginger, Curcuma and Panicum rejpem are stems of 
this kind and they are called rhizomes. / 


Fig. 90. Tendrils of Cucurbita. 

In some rhizomes it is possible to make out the nodes, 
internodes and the axillary buds. 

Sometimes we meet with plants in which a few branches 
remain underground and these instead of elongating swell 

and become thick on 
c\ a f account of the storage of 

\. \ f J /° starch. In such branches 

(i yf leaves do not develop 

<sv. but axillary buds are 

always present. Under* 

ground branches of this 

nature are known as 
tubers. The Potato is a 
good example of a tuber. 
In the Potato"* plant, in 
addition to the tubers, 
1 there are also ordinary 

branches with leaves. , 

In tubers and rhi- 
zomes the axis is well 
developed, but the leaves are either absent or, they are 
reduced to scale-leaves. 


Fig. 91. Tendril bearing leaves 
of G lo rl osa superba. 
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Bio. 92. Tendrils of 
Cardiospermum. 


There are some plants 
in which the axis remains 
small without development, 
hut the leaves grow and 
become fleshy so as to serve 
as reservoirs for reserve 
food. This is exactly what 
happens in the ease of the 
Onion plant. If we cut an 
Onion longitudinally, we 
find a disc-like structure 
bearing roots below and a 
number of sheathing Meshy 
scale leaves and buds above. 
This disc is the stem or the 
axis very much, condensed, 
and the whole structure is 

called the bulb. As further 

examples we may mention 
those of Crinuin, Scilla, 
"Urginea and Polianthes. 


The Inner leaves of a bulb are either fleshy scales as in 
Onion or they are the enlarged sheathing leal bases of 
ordinary leaves as in Crinuin. The bulb in Polianthes is 
generally like that of «, ffl 

Crinuin or Onion, but the YMt 

axis becomes a large mass VmjB 

instead of remaining IfM 

small and then the scale- 1 J li m 

leaves are very few. a. 

Externally it is like a . 

bulb and so such ones are 

sometimes called “ solid 

bulbs." This is really 

an intermediate form of / V- 

stem leading to what is / \ 

usually described as a Fir ^ Rhizome of Curcuma. 
conn. 

There are a few plants in which the axis lying at or 
below the level of the soil, swells out into a spherical 
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Fig 1)4. Khizome of Paiik am repens. 


Fig. 95. Tubers of the Potato plant, 
Amorpliophailus. or Synantherias is the mai. 
fled and this is a good example of a naked c< 
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Fig. 96. Bulb of an Onion plant. A, longitudinal and B, transverse 
sections. 1, axis ; *2, scale-leaves ; % roots ; 4, axillary buds. 


daughter-conns. Sometimes we find conns of different 
periods of growth remaining attached to one another. For 
instance the conns in a wild species, Synantherias sylva- 
ticci , consist usually of two bodies as shown in fig.W. The 

upper one is the conn of the 
^ %T|| plant that has resulted during 

^ ie Period of growth in 1914, 
anc l the lower one is of the 
I 9 i 4 y year 1913. From the conns 
Yv sometimes buds, grow out 

1913 A\ and become elongated some-. 
>; \\ what like the rhizome. The 

Fig. 97. Corm of Symviheria* underground Stracture found 
sylvatica. , Schott. lb, r ) leaf in Colocasia Anti-quorum, 
bad. in continuation with the 


n 


THE SHOOT? 

developing bud, is a conn ; and tills usually bears branches* 
somewhat elongated and resembling a rhizome. 




Fig. 98. Conn of Synantherim sylratiea. Fig. 99. Conn- of 
Lb.\ leaf bud ; d,b ., daughter bud. Symnthertas sylmtica 

cut longitudinally. 
lb., leaf bud. 

The internal structure of the stem . — The structure of the 
stem varies according to the species of the plant and the 
stage of development in the same plant. In plants having a 
short duration of life, as in the case of annuals, the stem 
is generally soft and herbaceous. In shrubs and trees the 
stem is herbaceous in the younger parts, and is woody and 
hard in older portions. 

The structure of the growing point of the stem is the 
same in all plants, so far as the essential points are con- 
cerned. It consists of a mass of meristematic cells termi- 
nating in a cone and covered by the developing young leaves. 
Axillary branches also arise very early as protuberances in the 
axils of leaves near the actual growing point. They remain 
dormant for a very long time. It is the leaf that grows 
rapidly one after the other while the axis does so very slowly. 
In consequence of this difference in growth between the axis 
and its appendages, the young leaves developing near the 
growing point cover and protect it. 

To learn the internal structure of the stem it is necessary 
to select the stems of a few plants as types and study them. 
We may begin the study with the stem of a Sunflower plant. 
If wre examine a transverse section of this stem taken a little 
below the growing point we find in the central part a mass 
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of thin-walled cells, and this portion of the stem is called the 
pith or medulla? All round the pith which occupies rather a 
large part of the area in the transverse section there are 
groups of cells with thick cell-walls arranged in the form of 
a ring. Between these groups of thick- walled cells there 
are bands of parenchymatous cells which are, though smaller, 
similar to those of the pith. 

These isolated groups standing out prominently, by reason 
of their thickened cell-walls, are the cut ends of the vascular 
bundles that run longitudinally in the stem, and they 
increase continually in thickness, especially in the case of the 
dicotyledonous stems. The mass of wood found in the stems 
of timber trees of several year’s growth is nothing more than 
a mass of vascular bundles packed together closely. The 
bands of parenchymatous cells seen in the transverse section 
between the vascular bundles, and running from the cortex 


Fig. 100 Transverse section of a Sunflower stem. 

1, vascular bundles ; 2, cortex ; 3, medulla or pith. X 200. 

to the medulla are called medullary rays. At first when 
the vascular bundles are isolated these medullary rays are 
broad. Later on new vascular bundles arise in these rays 

rnalrrncr I.Iip l~m r» <1 1 PS r»rvn tirvn mi « 
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The structure of a single vascular bundle of the Sunflower 
n is shown in fig. 102. The larger cavities with 
* walls are the vessels. Amidst the vessels, there are 
ill cells with thick lignified walls. They are ordinary 


Fig. 101. Transverse section of a portion of the Sunflower stem. 

1, cortex , 2, fibre bundle 5 3, phloem ; 4, xylem , 5, cambium. X 400. 

parenchymatous cells whose walls are lignified and fibres. 
The lignified vessels, wood parenchyma and fibres form a 
compact group near the pith, and it is the xylem of the 
vascular bundle. Besides, these thick- walled elements, 
forming the xylem, there are other groups of cells with thin 
walls which are also the constituents of the bundle. We 
have, as a matter of fact, three distinct parts in a vascular 
bundle, viz., the xylem, the cambium and the phloem. 

1 he xylem consists of thick-walled vessels and cells and 
fibres. It lies close to the pith. Vessels lying close to the 
pith are the oldest ones and those on the opposite side far- 
away from the pith are the youngest. 

Is ext to the xylem towards the periphery of the stem we 
see several layers of thin-walled, cells. Of these those that 



are rectangular ancl regular remain close to the xylem, and 
this is the cambium region. All the cells of this region are 
not meristematic ; only one layer is so, and it is the cambium 
proper. In the vascular bundle the most delicate part is the 
cambium. 

The cambiums of the bundles found in the young stem 
do not touch each other laterally, because medullary rays 
run between the bundles. Later on these areas of cambium, .. 
become united into a continuous ring. The cells of the 
medullary ray lying between the cambium of the bundles 
become active, change into meristem and connect the adjoin- 
ing pieces of the cambium. 

The tissues lying outside the cambium consist of thin- 

walled cells grouped 
together with a mass 
Ep of very thick-walled 
cells, o u t s i d e , 
towards the cortex. 

F ‘ The thin-walled 
cells constitute the 
*' c * phloem, and the 
' Ph mass of uniform 
cells with thick 
*;; X) walls is a group of 
fibres. The phloem 
is really made 
up of sieve tubes 
and parenchymatous 
cells and it is pro- 
tected by a mass of 
fibres lying outside, 
towards the cortex. 
In the Sunflower 
Fig. 102, Transverse sec tion of a single stem we find fibres 

vascular bundle of the Sunflower stem. asgociated with the 

Ep, epidermis ; Col, collencnyma ; r 

fibre bundle; Ph, phloem; Co, cam- vascular bundles, 

binm ; Xy, xylem ; n.v.b., new vascular and so the bundle 

bundle. X 500. is sometimes called 

a fibro vascular bundle . The fibre bundle is not a part of 
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To understand the structure of the elements of the various 
parts of a vascular bundle, it is necessary to examine a median 
longitudinal section. Such a section is represented in 
tig. 105. The pith upd the cortex consist of thin-walled 
parenchyma. The outermost layer of the stem consists of 
thin- walled fiattehoduells ; this is the epidermis. The outer 




■ /■ 

i 
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Fig. 103. Transverse section of a very young stem of Hibiscus 
cannabmus, 1, epidermis ; 2, cortex; 3, phloem; 4, cambium ; 
5, xylem. X 200. 

free wall of the epidermal cells are thickened, and the 
thickened part is known as the cuticle. Within the cortex 
the various elements of the vascular bundle and fibre are 
seen. The innermost layer of the cortex is in contact with 
the fibre bundle. The fibres have very thick walls and they 
are also pitted though slightly. Next to the fibres lie the 
sieve tubes and ordinary parenchymatous cells. The sieve 
tubes are all small and so they can be seen well only under 
high powers of the microscope. The phloem is succeeded by 
the cambium layer and after this are seen the xylem elements, 
vessels, fibres and wood parenchyma cells, The vessels 
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towards the cambium are all pitted and near the pith lie the 
annular and spiral vessels. 

We have already spoken about the importance of the 
cambium layer. It is really a single layer of cells and these 
cells are always undergoing division giving rise to new cells 
both towards the phloem and the xyiem. Cells near the 
xylem become gradually changed into xvlem elements 
(pitted vessels, wood parenchyma and fibres), and those next 
to the phloem become sieve tubes and parenchymatous cells 


F “- Safe&fe /as-.-a* > 7 * -» 

4, cortex ; 5, medulla x 40(1 ’ ’ um ’ •’< x J' lei n 


— --^uui exists at first as small patches betweei 
len l and the phloem of the isolated vascular bundles 
'"T °* the *>« » a gradual process 

SESwS a 0 ”' I 1 ') — ° f “li» !>« 

unrei enuatecl mto a central core in which th« 
elongated in the longitudinal direction and a p2 

portion wherein t.ha »„n„ , _ d ! ,f u Pl 
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central core is called the stele. Here ancl there, within the 
stele which is uniform in its structure, cells begin to divide 
rather rapidly, and as a result of this division a continuous 
ring of small cells is formed. The portion of the stele inside 
this ring is the medulla or the pith. In this ring which is 
called the procamMiim isolated strands appear (procamlnal 
strands ). And these strands become changed gradually into 
vascular bundles, separated by medullary rays. The trans- 
formation of the procambial strand into the vascular bundle 



Fra. 105. Longitudinal section of the Sunflower stem, Ep, epidermis ; 
Col, collenchyma ; Cor, cortex ; Ft, fibre * 81. , sieve tube; Qa, 
cambium ; Pi, pitted vessels ; 8p, spiral vessels ; M, medulla 
or pith. X 300. 

is a very gradual process. A portion of this strand which is 
towards the medulla becomes differentiated into xylem, and 
the part on the side of the cortex develops into phloem. 
A small patch forming the middle part of the strand is left 
unchanged and it retains its meristematic condition. These 
bits of cambium are called fascicular cambisms to distinguish 
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them from the cambium formed later in the medullary rays, 
which is called interfascim lar cambium. 

A stem is an elongated structure consisting of many bits 
superposed one above the other, the limits being the places 
where the leaves are inserted. Every piece is made up of 
cells, most of them being parenchymatous. The parenchy- 
matous cells show a great activity at a certain period of their 
life. All the cells except those of the xylem are full of 
protoplasm. The vascular bundles run through the mass of 
parenchyma longitudinally and at every node a few strands 
of the vascular bundles leave the stem and enter the stalk of 
the leaf. 

The stem is connected with the root and so the vascular 
strands of the stem and the root are continuous. On the 
other side the bundles of the leaf are also continuous with 
those of the stem. 

The growing points and the parenchymatous cells must 
be supplied with food materials, and the assimilated food 
materials should be transported from the manufacturing cells. 
For this purpose special passages should exist. Vascular 
bundles are such special passages. The woody portion of the 
vascular bundle conducts the raw solution from the root to 
the manufacturing cells. The sieve tubes carry the organic 
material which has been built up in these cells to all these 
places where new cells are to be formed. 

The medulla is an important portion only in young stems. 
In older stems this consists of dead cells filled with air. The 
function of the pith in young stems is to swell up the axis 
and accelerate its growth in length. Another function is the 

storage of reserve substances. 

The medullary rays consist of parenchymatous cells, 
somewhat elongated in the radial direction. In young stems 
these rays are generally broad and are called primary medul- 
lary rays.. As the stem gets older and older the* primary 
medullary rays get narrower and narrower, because of the 
formation of new vascular bundles. These ravs afford the 
most convenient passage for the transport of tlie material in 
a radial direction. So long as the vascular bundles are 
isolated, the whole of the medullary ray consists of paren- 
c ij ma. But as soon as the xylem becomes a continuous ring 
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that part of the ray which runs through the xylem becomes 
differentiated. The cells become somewhat elongated in the 
radial direction and the walls are lignified. In most cases 
the wood parenchymatous cells of these rays are filled with 
starch grains. Such medullary rays run right through the 
xylem or they may run only to a certain distance. The 
former are called primary and the latter secondary medullary 
rays. 

We have now studied the structure of the Sunflower stem 
in a detailed manner, and this may he taken as the type of a 
herbaceous stem. In this stem there are three distinct parts, 
the epidermis, the cortex and the stele. The epidermis has 
a distinct cuticle and also hairs. It is a protective layer. 
The cortex consists of several layers of parenchymatous cells, 
with a few resin ducts. Just below the epidermis the cells 
of the cortex are somewhat thickened, especially at the 
corners where the cells meet. Cells having this kind of 
structure form a tissue called collenchyma . We shall have 
to speak about these kinds of tissues again. The innermost 
layer of the cortex consists of cells containing starch grains 
occasionally and this layer is called the endodermis or the 
starch layer. 

Within the stele we find a number of isolated fibro- 
vascular bundles arranged around a broad core of pith. The 
bundles have between them the medullary rays. Behind the 
vascular bundle, and between the endodermis and the phloem, 
lies the bundle of fibres. The part of the medullary ray 
lying between the masses of fibres consists of thin- walled 
parenchymatous cells. The fibre masses together with the 
part of the ray between them forma continuous ring, just 
outside the vascular bundles and inside the endodermis. 
This part is the outermost part of the stele. These layers 
constitute what is called the per [cycle. The vascular bundles 
arise, not quite outside in the stele, but somewhat inside 
always leaving one or more layers of cells outside. In other 
words the endodermis will not be found to be in direct 
contact with the vascular bundles, but it will be separated 
from the bundles by the pericycle. At first the vascular 
bundles possess only fascicular cambium, but very soon 
interfascicular cambium is produced and the cambium 
6-a 
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becomes a continuous ring. In older portions of the stem, 
the xylem is a continuous hollow cylinder. 

As further examples, we will do well to examine the 

stems of a few more 
plants. The stern of 
AriMolocMa may be 
studied. In a transverse 
section of this stern we 
see clearly the epidermis, 
the cortex and the stele. 
Within the stele there 
are a number (5 to 11) of 
vascular bundles sepa- 
rated by broad medullary 
rays. (See fig. lOfi.) 
The vascular bundles 
consist of the xylem, the 
phloem and the cambium 
between them. The 
endoderrnis is , clearly 
seen, because the layers of cells inside in contact ' with it 
are thick- walled. Between the endoderrnis and the vascular 
bundles we find two distinct bands that are continuous. 
The layers of cells with thick walls are the fibres and instead 
of being in the form of isolated bundles, they are in the 
form of a continuous ring. Below the ring of fibres lies 
a broad band of parenchyma. These layers together consti- 
tute the pericycle. The epidermis has a cuticle and the 
central part of the stele is the pith. In this stem, the inter- 
fascicular cambium makes its appearance very slowly and 
gradually. 

Woody stem . — As an example of this type we shall choose 
the stem of Thespesia populnea. A transverse section of a 
year old stem has a well marked pith surrounded by a close 
hollow cylinder of xylem which has more of wood parenchyma 
than vessels. Then comes the cambium ring consisting of 
a few layers of cells that are narrow and quite regular in 
arrangement. Even in young stems the cambium is more or 
less a continuous layer. (See figs. 103 and 104.) Outside the 
cambium there are the phloem masses arranged so as to form a 



Fig. 106. Fibre bundles (mechanical 
tissue) in the form of a continuous 
ring in the transverse section of the 
stem of Aristolochia as seen under 
low power. 
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ring although interrupted by broad medullary rays. The 
phloem consists of alternating layers of soft tissue and groups 
of fibres. The cells of the medullary ray lying between the 
phloem masses are somewhat elongated in the tangential direc- 
tion. The cortex is not broad and it consists of a few layers 



FlH ' 'l e fl° n ° f the Stem of The ^ k ‘ Kj, 

epidermis , C«, cortex ; re, resm canal ; ft, fibre bundle • s'; 
sieve-tube ; ca, cambium ; xy, xylem. x 300 ’ * 


S'„rL” r T\ ymat ° US “ Us W”* * «hto band of 

c llenchjma, which is covered by the epidermis. In very 

joung stems outside the eollenchyma there will be only the 

Pidermis. But in the case of the older stems, between the 

epideimis and the eollenchyma, we find a few layers of cells 

f ™ 7 , >Wd»ly arrainred. This is „W, 

S , 1,]M TT the ™tormost layer or the epidermis 

, ?J S0 1,e ex P e cted to keep pace with the growth of the 

Umil lhe epidel ' mis totains the power 

d srar biu * 
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Long before the time the rapture is likely to occur, cork 
layers begin to be formed. A layer of parenchyma cells in 


Fio. 109. Formation of cork cells in the cortex of a very young stem 
of Jatropha. E, epidermis ; C, cork cambium ; L, latex tubes. 

the cortex below the epidermis, becomes meristematic and 
a cork cambium layer goes on producing cells outside on the 
side of the epidermis, and they gradually change into cork 

cells. 




Fig. 110. Formation of cork cells in a stem of Jatropha oldei 

109. E, epidermis ; Co., cork cells ; Qc, cork cambium L, latex 

tubes. 


In the woody type of stem the amount of xylem is great, 
as the cambium is always active. As regards t ie pfl 
elements of the xylem the primary xylem consists of ch c j 
Xl vessels and reticulated vessels, though occasion^ 
■annular vessels may also be found, 

establishment of the secondary thickening by t ‘ ■ 

vinir the elements of the secondary xylem v i 
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pitted vessels. Of course the cementing elements, wood 
parenchyma and wood fibres, are formed both in the primary 
and the secondary wood. 

Monocotyledonous type of stem . — In the stems of Oholam, 
Sugarcane, Paddy, Bamboo, Grasses and Palms (all these are 
monocotyledons) the vascular bundles are found scattered 
amidst a mass of parenchymatous cells. Each vascular bundle 
consists of only xylem and phloem, without the cambium, 
and so there cannot be secondary thickening and such bundles 


Pick 111. Transverse section of a monocotyledonous stem. X 80 


are called closed vascular bundles, to distinguish them from 
the dicotyledonous vascular bundles winch have the cambium, 
and hence are called open bundles. A distinct pith or 
medulla is wanting in the monocotyledonous type of stem on 
account of the scattered arrangement of the vascular bundles. 
The cortex is also very narrow. The vascular bundles are 
far more scattered towards the centre but they are closer 
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The vascular bundle consists of billy xylem and phloem. 
The former consists of only a few vessels, fibres, and wood 
parenchyma. 

The xylem vessels are arranged in the form of a “ V ” with 
wood parenchyma and small vessels wedged in between the 
larger vessels. The phloem lies close to the xylem. All 
round the bundle we find fibres forming a kind of sheath, 
which is well developed and for this reason becomes more 
marked in the bundles lying near the periphery of the stem. 


Fig, 112 Transverse section of a single vascular bundle of the Sugar- 
cane stem 1, sieve tube ; 2, xylem ; 3, fibrous sheath. X 400. 


As already noted the cortex is not a very conspicuous part 
in this type of stem. The epidermis, as well as a few layers 
of the cortex, lying immediately beneath the epidermis is 
generally modified in structure. The cell-walls of the epi- 
dermis and those of the cells of the cortex immediately below 
the epidermis become thickened. Further, as already pointed 
out, the vascular bundles towards the cortex have very broad 
sclerenchymatous sheaths. So the peripheral portion of the 



s z 

Fig. 113. Longitudinal section of a vascular bundle of the Cholarn 
stem. 1, fibre bundle ; 2, pitted vessel; 3, spiral vessel; 4, 
annular vessel ; 5, parenchymatous cells of the ground tissue. 
X 400. 

An engineer or a mechanic will always try to secure the 
necessary strength in the materials he uses by the use of the 
smallest amount of material. For instance in bridges and 
roofs instead of using oblong solid beams, girders are used. 

A girder consists of two broad pieces, one forming the 
upper and the other the lower surface with a piece between 
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stem is strengthened by the presence of thick-walled elements 
enabling it to stand the? Strain of wind and weight. 

The fibres forming a sheath around the vascular bundles 
of the monocotyledonous stem and the groups of fibres form- 
ing a part of the pericycle in the stems of Sunflower and 
Aristolochia play a very important part in the life of the plant. 

They protect the soft elements of the phloem. The 
general arrangement of the fibres in all these eases is very 
striking and significant. 


m 
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called the flange. If an ordinary beam be fixed at one end, 
the other end being free, and then a weight be attached to the 
free end the beam will bend at the free en'd. Then the upper 
surface becomes longer and the lower shorter. The central 
line which is equidistant from both the surfaces undergoes 
no change. So it is obvious that in the beam the upper and 



Fig, 114. A girder and Fig. 115. Fibre bundles in the Sunflower 
•i hollow pillar. stem. (The larger circles are the fibre 

bundles and the minute circles in lines 
are vascular bundles.) 

the lower surfaces alone need strengthening, and. the flange 
needs it not. In a girder a great amount of material is used 
to make the two surfaces strong, and the flange is generally 
thin. A girder will bear a greater weight than a solid 
beam containing the same amount of mateiial. Similarly 
we find that- a hollow cylinder will bear a greater load than a 
solid one containing the same amount of material. The stems 
of plants are exposed to strain from the action of the wind. 
As the stem grows larger and larger, the strain that it 
has to hear increases. The Sunflower stem, for instance, is 
exposed to the influence of wind and it has to resist the 
strain of bending. It has also at the same time to carry the 
weight of leaves, flowers and branches. So there must be in 
the stem some arrangement which will enable it to withstand 
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the strain of bending. In a transverse section of the Sun- 
flower stem, we. find isolated groups of fibres just close to the 
phloem and almost near the periphery. The arrangement of 
the groups of fibres, in this stem and in this manner, makes 
.it like a hollow cylinder with very great firmness and 
rigidity at the periphery of the stem. A hollow cylinder is 
really a combination of several girders. 



Fig. 116. Transverse section of the stem of Panic mu repent, 
1, epidermis ; 2, ring of fibres ; 3, fibrous sheath of the vascular 
bundle. 

This kind of arrangement of fibres is seen in many 
monocotyledonous stems also. For instance, in the stem of 
Panicum repens we find a continuous ring of selerenchyma 
and also the fibrous sheaths of the vascular bundles. Where 
such rings are absent we find the peripheral part strengthened 
by the thickening of the epidermal cell walls and by the 
development of a larger number of vascular bundles with 
very pronounced fibrous sheaths in the peripheral part of the 
stem. As the stem gets older several layers beneath the 
epidermis undergo thickening of their cell-walls. 

This strength giving tissue, consisting of groups of fibres, 
is sometimes called mechanical tissue. The fibres cqme into 



THE SHOOT 


93 


existence gradually. So in young steins we do not find these 
fibres so well formed and arranged. They are either a isen, 
or in^tlie course of formation. Younger parts of stems also 
require a certain amount of strengthening at the periphery 
they have also to withstand the strain of wind and weig , 



Pr.x 


_Jt U \ T 7 1:1 n i ' l/J K, rVYTV'T ' 

Fig m Colleuchyma in the stem of the Smxfiowera ptoP 
Ep, epidermis: Col Collenchyma ; 
bundle ; Ph, phloem ; Ca, cambium , Xy, ’ P 

xylein. X BOO 

4s all the parenchymatous cells in the younger parts are 

JZ u is necessary to k. «- »>* * 
hifh would give rigidity and at the same time be elastic, 
wU S ctn, to g-w. Fibres are in.«ie and n B ,d. 
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Therefore they are out of question. Some other kind of 
tissue should be formed. The parenchymatous cells of the 
cortex below the epidermis become thickened at the corners 
where two or three cells meet. These cells form a kind of 
tissue and we have already spoken of this tissue and it is 
called collenchyma. Thus we have two kinds of tissues to 
serve as mechanical tissue. Collenchyma consists of living 
cells and is best suited for young stems, because it changes 
into ordinary parenchyma when it is no longer needed ; 
the fibres on the other hand are dead cells and so are of no 
other use. 



Fro. 118. Collenchyma in the stem of Neriiim. (Transverse section.) 

Qu, cuticle; Ej), many layered epidermis; Co, collenchyma; 

Pa, parenchyma. X 200. 

Both the root and the stem of dicotyledons are capable of 
increase in their thickness to any extent on account of the 
presence of the cambium. This increase in thickness is 
called secondary thickening. Under normal conditions 
growth or increase in the number of cells, which naturally 
leads to the increase in the different kinds of tissues, is 
confined to the cambium. But under abnormal conditions 
parenchyma that has ceased to divide and grow may once 
again become active and give rise to different kinds of 
tissues. When a stem is cut across or injured various tissues 
are exposed to the air. Most of the cells of the cortex are 
living cells and so, when pressure is removed by the injury, 
all these cells swell and some of them lying somewhat 
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deeper begin to divide. As the result of this actTm^a-- 
mass of cells is formed at the injured area and the outermost 
cells become changed into the protective tissue, cork. This 
mass of cells brought into existence by this abnormal activity 
is spoken of as callus and the process is termed ca tti is-foi nt / a- 
tion , All the wounds caused accidentally or consciously by 
men in tree trunks and branches get healed by the process of 
callus-formation. 


Fig. 119. Sclerenchyma from the stem of Neman. St, laminations ; 
p , pits. X 400. 

From a study of the structure of the stem we see that it 
is only a mass of cells in which are embedded cells or groups 
of cells variously modified. The main bulk of the stem 
consists of thin walled parenchyma cells. For the sake of 
clearness we may classify all the tissues occurring in a plant 
body as follows : — 

(a) The formative tissue — 

(1) Meristem cells of the growing points. 

(2) The cambiums. 

(Jj) The •protective tissues — 

(1) The epidermis and (2) the cork tissue. 

(c) The conducting tissues — 

(1) The lignified vessels and (2) the sieve tubes. 

(d) The ground tissue — The parenchymatous cells. 

(e) The mechanical tissues — 

(X) Sclerenchyma and (2) Collenchyma. 

(f) Some special tissues — 

(1) Laticiferous tissue. 

(2) Resin ducts. 

(3) Oil glands and mucilage cells. 
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CHAPTER VI. 

THE LEAF. 

THE leaves are the most conspicuous parts of a plant and 
they are also very important organs of a plant It is anuttei 

of common knowledge that leaves vary a great deal m size 

shape and character. And yet most leaves are delicate and 
have a thin flattened portion called the blade or the Lunina. 

A leaf is an outgrowth of the stem like its branches, but 
with this difference. A branch is merely the repetition of 
the stem, whereas a leaf differs very much from a stem m its 
structure. From a study of leaf buds we have learnt that 
leaves appear as small outgrowths on the surface at the 
mowing points and that they develop in acropetal succession. 
Leaves are arranged on the stems in definite positions and m 
some regular order. 

A typical leaf has three parts, the blade or the expanded 
portion, a stalk or the petiole and the basal portion of the leaf 
which connects the leaf with the stem. All leaves do not 
possess all these three parts. For instance, we have leaves, 
such as those of Radish, Lactuca, Sonchus and Argemone 
without stalks. The leaf blade, on the other hand, is very 
well developed in most of the flowering plants. Similar y 
the basal portion of the leaf must be expected to be present 
in all plants. Young leaves which are enfolded m the bud 
do not possess stalks, or if they happen to have them they are 
very short and almost invisible. However, the stalk develops 
subsequently, and elongates after the unfolding of the leaves. 
This is so, because in the enfolded leaves the basal portion 
and the lamina become developed very much earlier than the 

stalk or the petiole. . 

From the basal portion of die leaves outgrowths arise i i 
many plants. Generally two outgrowths, one on eac h side, 
are gp. en and they are callg j-stfjMffes. 

iT'very many plants the stipules are small and not 
prominent" There are alsp plants in which the stipules are 
very conspicuous and large. The Peepul (Ficus rehyium). 


, * ' 
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When leaves are young they are generally^ folded in 
different ways. In many plants the two halves of the blade 



Fig. 123. Tubular stipule of Polygonum, a, tubular part ; 
b, stalk of the leaf. (Four times the nat. size.) 


are folded along the midrib in 
surface and the edges of the 



Fig. 124. Terminal bud of Ficus 
bemjalemis, protected by stipules. 


Nelnmbium, Ottelia and Yi 


Such a way that the inner 
blade meet, as in Anona, 
Abutilon, Thespesia, Morin- 
da and Tephrosia. This 
kind of folding is called 
eond-upldc-ate. Sometimes 
the leaf is rolled on itself in 
such a manner that one 
margin being rolled towards 
the midrib remains inside 
and the other over it outside, 
as in Musa and Canna, and 
the folding is termed con- 
volute. It is not, unusual to 
find both the margins of a 
leaf rolled inwards towards 
the midrib as in N ymplisea, 
d this is described as inrolnte, 
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As already remarked, of all the vegetative organs of a 
plant the foliage leaves are the most important, because the 



Fig. L25, Young leaven fust emerging from within the 
stipules in the young leaf bud of Ficus. 

formation as well as the transformation of organic matter 
takes place in them. The work that leaves have to do is very 
complicated and varied. The green colour enables them to 
do the work of forming organic matter under the influence of 
sunlight. This special work of the leaf cannot be carried out 
unless the leaves are exposed to sunlight. Bo we expect 
leaves to be disposed on the axis in such a manner that all the 
leaves may get as much light as possible. And yet too much 
light is injurious to leaves. The adjustment of the position 
of the leaves with reference to light is therefore a very 
delicate one. 

. In most plants the leaf blades maintain a horizontal 
i position so that a large number of light rays may fall on 
them. If the light gets too intense, either the leaf blade will 
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change its position or the twig bearing the leaves will shift 
its position. 

Every green plant produces as many leaves as possible 
and their position with regard to the light will be such that 
all the leaves may get sufficient light without shading one 

another to any large extent. 
Leaves generally appear to 
be arranged in various ways 
on the stem, but- on close 
\L/ examination it will be found 

\ I that either a single leaf 

\u /Vs originates at each node, or 
I two or more sirring from it. 

-.vx I When only one leaf is 

(\\ M I wwj borne by the stem at the 

j nodes, the leaves will be 

I found arranged spirally 

yrv | around the stem or alter- 

nately. This arrangement 
of leaves on the stem (or 
1 phyllotU'ris) is said to be 

^ alternate . Leaves are said 

Fig. 12(1. Alternate leaves of to be apposite, if two leaves 

Pavonia zeal a.) lieu, . . 

■ arise opposite to one another 

the same node. If there are more than two leaves at a 

node, they are said to be irhorled . Leaves are opposite in 


Fig. 126. Alternate leaves of 
Pa v on i ( i zeij lan an. 



Morinda, Oalotropis, and Vinca. They are wheeled in 
Nerium, Alstonia and Glerodendron. Ah examples for the 
alternate pliyllotaxis we may mention Thespesia, Ahutdon, 
Pa vo ilia anti Melia. 



In stems with alternate leaves no two successive leaves 
will he found to be one exactly above the other and vet. the 
leaves will he in vertical rows. Between two successive 
leaves on tlie same 
vertical line, a number 
of leaves will be found, 
but at different heights 
and in different posi- 
tions. To make out the 
ar rangemei \ t of t he 

leaves in such cases, a 
close examination of 
the nodes of a normally 
growing shoot is neces- 
sary. As an example a 
branch of Thespesia, or Almtilon may be taken. In these 
branches anv leaf chosen will be exactly above or below the 
sixth leaf and the five leaves spirally arranged round the stem. 
The spiral will consist of two turns around the stem and the 



Fio 120. Opposite leaves of Stephegyne* 
a, stipules ; b, young leaves. 
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Fig. 130, Whorled leaves of Ahfanh xcholark, 


any one node will be across the leaves of the nodes immedi- 
ately above and below it. This arrangement of the leaves is 
called decussate arrangement. (See fig. 128.) When the 
leaves are in a whorl, the leaves of the alternate nodes are 
exactly one’ above the other, and the leaves of the successive 
nodes will be found on different vertical lines side by side. 

The phyllotaxis will become clear, only if we remember 
that the leaves require the play of sunlight on their blades. 
Usually the most advantageous position for the leaf blade is to 
place its surface across the direction of the rays of light. 
But if the light becomes Ijgry intense, this position is certain to 
injure the leaf blade. So*Mmder such circumstances, the leaf 
should be able to shift its position. When the sun’s rays pour 
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straight down, the leaf will shift its position, so that the blade 
may be parallel to the rays instead of being at right angles; 
Almost all leaves possess the power of changing their position 
according to the nature and the intensity of the light of the 
sun. 



Fro, 131. Whorled leaves of Nerium. 


As all the leaves of a plant need light, it is obvious that 
they should grow in such a manner, as not to shade each 
other. One of the means by which the leaves are helped in 
this matter is the phyllotaxis. There are also other means, 
besides the phyllotaxis, by which the leaves avoid the shading. 
Choose some erect branches from a plant, say Acalypha 
inclica or an Amaranth, and look down upon them from 
above. Then the leaves will be found arranged in rows 
round the stem, in such a manner that the space round 
the stem is utilised to the greatest possible extent. Further, 
the leaves below are not shaded by those above, because 
the petioles of the former are* longer than those of the latter. 
Again the size of the leaf Hade also has some bearing on 
the disposition of the leaves ‘around the stem. If the leaves 
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have broad laminas, the rows round the stem will he three 
or four • there will be five or. six rows, when they are 
moderately broad ; the rows will be many in eases where 
the blade is very narrow. Whatever the number of rows 
around the stem, all the leaves get their share of light, 
because the rows are not likely to shade one another. But, in 
the same row, leaves above are likely to throw those below 
into shade. As a matter of fact this does not happen so as to 
interfere with one another. By the adaptation of the length 
of the internode and the direction and length of the leaf- 
blade^ shading is avoided. 

Thus it is seen that the adjustment of the leaves for the 
ike of light is very varied and complicated. I n some cases 

the leaf surfaces pre- 

I sent beautiful mosaics 
I and rosettes. For 
instance in many 
Bolanaceons plants, 
such as Physalis 
minima , the leaves 
are not all uniform 
i'll, size and so the 
leaves arrange them- 
selves in a mosaic 
fashion. 

Many plants of the 
order Com posita) may 
Fi({. lo2. Leaf mosaic of Pkjjmih be cited as examples 
minima for the rosette habit of 

e leaves. The leaves in Lartuea flet/neara, Sonelms and 
some Blumeas are mostly confined to the base of the plant. 
In other words, the leaves are radical. In ail these plants 
the leaves are narrow at least in the lower part and so they 
are disposed round the stem, so as to form a rosette. It is 
easy to give more examples ; for instance Trapa, Ely tram 
and Elephant opus amber . 

Thejame principle, that the leaves should spread them- 
Ives so as to enable all the leaves to be lighted and, at the 
same time, avoid shading one another, is very well brought 
home by the heads of trees. For instance, the heads of trees 
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Figs. 134 to 138. Shape of leaves ; linear, lanceolate, elliptic, 
oblong and ovate leaves. 

Shape of leave *. — Leaves vary very much in their 
shape. For purposes of description names are given to 
the shapes that are striking. A leaf whose lamina is narrow 
with the sides parallel, is said to be linear. Leaves of grasses 
and those of the cereal plants are linear. When a leaf is 


such as those of the Banyan are generally found covered by 
leaves so as to form a framework or covering with as few gaps 
as possible. To 
enable all the leaves 
to obtain sufficient 
light, this is the best 
possible arrange- 
ment. If we look 
at the head of the 
same tree from in- 
side and from near 
its trunk towards 
the branches, we 
find large spaces 
between boughs 

and twigs, and no Fin 133. Leaf mosaic of Fittouia. 

leaves are found distributed in these gaps. 


ios 
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somewhat broad at the middle or a little below and tapers to- 
wards the apex, as in Nerium, Polygonum and Polyalthia it is 
described as lanceolate. A leaf is oblong when the margins 
are almost straight and the blade uniformly broad. Guava, 
Calotropis and Banyan leaves are good examples of oblong 





Figs. 139 to 142. Shape of leaves ; obovate, orbicular, 
cordate and reniform. 

leaves. When the leaf blade is broad and rounded at the 
base and also tapering to a point at the apex, it is describee as 
ovate. Leaves of Hibiscus Rosa-sinensis, Acalypha mriica. 
Solatium nigrum and Phymlis minima are good examples. 
When the blade is broader at the apex and narrowed towards 
the base, as in the leaflets of Cassia obovala, it is obovate. 
Leaves like those of Nelumbium are. .described as orbicular 
or rotund. Sometimes the blade is hollowed out at the base, 


. . . . i i07 

the leaf 

0 x- 1 -p roughly like the heart 
and pointed at the lordate or heart- 

spot on a playing cai , d Aristolochia may he 

shaped. The leaves of instead of being 

cited as examples. renifot'in or kidney-shaped. 

V*** 

The leaves of Hydusorj somewhat an arrow head 

some whose lamm Several specie, 

in tluir shape, and sue sagittate leaves. It the 

of tire N^'^h^tfsShtandat right angles to 
basal lobes of such a > hiwtate If the basal lobes are 

Use blade, the lent » th “"said ,0 be auricled. 

rounded and prominent in is m tire, when it is 

Margin of leaves.-^e leaf mmgm ^ ^ ^ 

quite even ^ th0Ut “^Inent teeth, as in Hibiscus Rosa- 
margin is cut up , in *° P , are gmall an d directed upwards, 
sinensis ; serrate if the _ . the teeth are rounded, 

as in Acalypha in tea ,c , ^ Hydrocotyle asiatica and 
as in margins of leaves 

Stachytarpheta mdic - is sa id to he lobed, 

become deeply indented and *en tnc centre , as in 

if the cut does not go r^ching the middle of the 

" leaf !aiTim LacducsTand Radish, then the leaf is said to be clejt. 
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When a leaf is lobed, the lobes are arranged mther^ he 

sides of the midrib as ^^^nWhaand Hibiscus 
spread like th* ta8*B<> fW ,, n ; d as pinn ate and the latter 

Sometimes the 

i, to cuttK ^ g lnto distinct pieces so that a piece . 



i(J8 MANUAL OF ELEMENTARY BOTANY 

plucked off without in the least affecting the others. In such 
cases the leaf is said to he a compound leaf. The leaflets may 
either be disposed piiinately as in GctxxiU aiit'ivuluta and 
(jfmm ximiMi or palmately as in Eriodendnm mifraetuomm 
and pefiMphylla., 


Fig. 14() Leaf margins. Entire, undulate, dentate, serrate and 
crenate margins respecti vely . 

The division of lamina may take place only once and then 
the leaf is simply compound, or the leaflets may become 
divided further, as in the case of Moringa, Oardiospermam, 
Acada .arcibim, Mali a Azedaradi and MilMngtoma Ziortemw. 

the leaf is described as hi- or tri-pinnately compound 
tccording to the division. 


147. Leaf apex. Acuminate, acute, obtuse, truncate, ret use, 
cuspidate and mucronate respectively. 

Apex of leaves . — If the apex of a leaf tapers to a point 
ually it is said to be acuminat e, and if it is merely sharp 
pointed it is acute . The apex is obtuse, when it is rounded. 
Sometimes the apex will be straight as though cut off and 
then It is t runcate , and if there is a notch it is said to be 
refuse, if the notch is shallow and emar ginate if it is deep. 
In some cases we see a sharp point projecting from the 
anex and then it is said to be mucronate. We meet with 
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, , 7 „ rni ie organ directly concerned in tin 

ilvndx 0 / Itaiu- _ ' S1 , 1 , stances is the foliage leaf, 

work of manufacturing oigai ^ general occurrence. 

Tim i« «K. M » £ a» «« find .1 «*, <*«' 

Sometimes leaves aie 01 ‘ substances. For instance, in 
ft,» ««■ tove very little to *. 

KOdlinW. coB ledouo ' h m . k 0 f making oraune 

»* >* “ SS „t me mainly concerned in 

n -«-■* « w •» «-"* 

seedlings. 










F 10 . 148. Piunately lobed leaves of A, Lactuc.i and B, Argemono. 

Another kind of leaf occasionally met with in some plants 
is what is known as the scale-leaf. These leaves are met with 
n connection with scaly buds. In Mango trees when grow th 
is at a standstill the terminal buds at the ends of twigs are 

covered by small scales. These scales are really leaves 
remaining undeveloped and small so as to aftord protection to 
the growing point. (See figs. 82 and 83.) 
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And yet another kind of leaf is the bract found in connec- 
tion with the flower. Bracts are generally small, but in some 


Fig 149. A digitately lobed Fro. 149-A. A digita' 

Hibiscus leaf. lobed leaf of Pf 

plants they are large. For instance, in the terminal 
of the plant Gynandropsis pentapkyUa, the folia; 
gradually pass into bracts and so, they are very cot 
and leaf-like. 


/ Fia. 150, Digitately lobed Cotton leaf, a, stipule 
b, petiole ; c, blade. 

Modified leaves,— There are a number of plants 
on insects. They do not thrive well, unless the 
insects. In these plants there are adaptations of a spc 
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Fig. 153. Boucerosia. Note the leafless fleshy stems (cladophylla). 

Leaves are able to produce organic matter, as they contain 
chlorophyll. Young parts of plants are also able to do this be- 
cause they also contain the green colouring matter. There are 
many plants without leaves, as in the case of the Pricklypear. 
In such plants the chlorophyll grains become imbedded 



in the cells of the cortex of the stem. Such stems look 
quite different from the ordinary stem and they are called 
cladophylla. 

In some leaves the petiole develops into a flat structure 
very much resembling the leaf and the blade either remains 
very insignificant, or it is not at all developed. Such petioles 
are called phyllodes. 


Fig . 154. The Pitcher plant. 

As examples of cladophylla we may mention the stems of 
Boucerosia, Opuntia, Casuarina and some Euphorbias. Phyl- 
lodes are found in Acacia cmricidiformis and in Park in som a 
aculeata . 

Petioles have sometimes wings on both sides as in the 
orange leaf and in the compound leaves of some species of 
Yitex and Filiciuin decipiens. 

The internal structure of leaves ,— The leaf-stalk or the 
petiole does not differ much from the stem in internal 
structure. In the petiole the vascular bundles are arranged 
generally like a semicircle, especially the larger ones. There 
are also smaller bundles between the larger ones. The cam- 
bium does not persist in these bundles, because there is no 
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The lamina of an ordinary leaf consists of a mass of 
parenchymatous cells filling up the meshes of the network 
of veins, which is a prominent feature of the foliage leaves. 
This network of veins not only supports the leaf tissue, but 
also serves as a channel for carrying water to the cells in the 
meshes of the network. It also prevents the tearing of the 
leaf blade and keeps it quite flat. As striking examples of 
the network of veins, we may mention the leaves of Ficus 
reMgiosa , Quisqualis, Dolichos and Antigonon. 




Fig. 158. A branch of Utrmilaria WalMeJiiana , with bladders. 

X 10, 

A leaf considered from an anatomical point of view 
consists of three parts. They are an epidermis covering both 
the surfaces of the blade, the mass of parenchymatous cells 
having chloroplastids imbedded in them and the network of 
veins. 

The epidermis consists of flattened cells all fitting closely 
together, and they do not contain chlorophyll grains. The 
lower epidermis differs from the upper epidermis in having 
the characteristic openings, the stomata . Each stoma (which 
simply means a mouth) consists of a pair of semilunar cells 
bounding the opening. These cells are called the guard 
cells and they contain chlorophyll grains. Further these 
8-a ■ ’ / ' ■- ‘ 




Fig. 159. Epidermis from the lower surface of Dolwhos Lablab leaf- 
Ep, epidermal cells, 0.<n, cell-wall ; g.c, guard cells ; St, stoma. 

X 300. 

The parenchymatous cells, forming the bulk of the leaf 
tissue in leaves with the upper and the lower surfaces well 
marked, are arranged in two distinct ways. In the upper 
portion of such a leaf one or more layers of cells are elongated 
vertically and lie side by side without much of intercellular 
space. This is called the palisade parenchyma. The paren- 
chyma lying below the palisade parenchyma consists of cells 
arranged so as to have a large number of spaces, and hence 
this part of the mesophyll is termed spongy parenchyma. 
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guard cells are capable of changing their shape and so vary 
the size of the opening. These stomata are generally 
confined to the lower epidermis of leaves but there are also 
leaves having stomata on both sides. The number of stomata 
is generally very large and it may be anything from 
50,000 to 450,000 or more to the square inch. 


Cw 
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This distinction of the mesophyll, into a compact palisade 
parenchyma and spongy parenchyma, is liable to variations 


cuticle; Ep, epidermis; h, glandular nair; i a.p, 
parenchyma ; Or, calcium oxalate crystal ; sp. p, spongy 
parenchyma; r b, vascular bundle ; a.c, air chamber; f/.c, 
guard cells of the stomata. X 400. 

*ding to the habit and the species of the plant. In the 
■s of a Diant growing in an open place exposed to the 
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and the Banyan. Plants growing in a shady place have 
leaves with a single layer of palisade cells, e.g., Vtgua and 
Dolichos. In the case of plants whose leaves are exposed to 
the light of the sun on both the sides, this separation ot the 
inesophvll into two kinds of parenchyma does not exist. 
For instance, the leaves of grasses do not show this separation 
but the whole of the mesophyll consists of compactly 

arranged parenchymatous cells. 

The most prominent structure in a leaf is its network ot 
veins, and this part may very well be observed by allowing 
leaves of plants to rot. The mesophyll and all the soft 
tissues decay, leaving only the hard vascular frame work. 
This network of veins is sometimes called the skeleton 
of the leaf. (See fig. 161.) 
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CHAPTEB VII. 

THE WORK OF THE VEGETATIVE ORGANS 
OF A PLANT. 

As a plant is a living organism we should expect its life 
to be similar to that of an animal in all essential respects. 
Like animals plants also have to eat, and without food they 
cannot live. We know, from the study of seedlings, that a 
young plant gets its food from the cotyledons or the endo- 
sperm. But very soon this source of supply fails, and it is 
forced to obtain food from other sources. 

A very young plant still in the course of development 
does not show the characteristic features of vegetable life, 
until it begins to lead an independent life, i.e., until the roots 
penetrate the soil so as to get a firm hold, and the shoot 
stretches into the air towards the light. A plant is capable 
of living independently, as soon as foliage leaves are formed. 

When we recall to our mind the main structural features 
of a flowering plant, it at once becomes obvious that all the 
food materials that a plant needs must get into the interior 
of the plant body, either as a liquid, or as a gas. Further, it 
must obtain everything it wants, either from the atmosphere, 
or from the soil. It is evident that substances in the soil 
needed for the plant have to get into the plant body only 
through the roots. 

For a clear understanding of the kinds of substances 
absorbed by the root from the soil, and the manner of 
absorption, we should learn something about the soil. 

Soils in which plants grow usually consist of two 
substances ; (1) humus or organic matter resulting from the 
decomposition of plants and animals, and ( 2 ) mineral matter 
chiefly consisting of sand and clay in various proportions; 
Humus gives to the soil a loose open texture and it is capable 
of retaining a very large amount of water, besides containing 
"■ plenty of plant food. 

Inmost soils we find sand, clay and humus ; but these 
vary in their relative proportions in different places. A soil 
is said to be sandy, if the proportion of sand is high ; and 
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such a soil is more open, more porous, warmer and drier 
than clay soils. A pure sandy soil is of no use to a plant, 
for -practically it contains nothing that is likely to be of use 
to the plant. A soil containing a large amount of clay with 
a very small quantity of sand is called a clay soil. And this 
soil tends to form a hard compact mass and so the roots of 
plants cannot penetrate it. When wetted it becomes sticky 
in texture, impervious to water and impenetrable to the roots 
of a plant. It is possible, by a proper admixture of humus, 
clay and sand, to obtain soils of any desired consistency or 
texture, and also of any grade of fertility. 

Soils may be classified as follows ; — 

Sandy soil 80 to 100 per cent. sand. 

Sandy loam ... ... 50 to 80 „ „ 

Loam ... 40 to 50 „ „ 

Clay loam ... ... 20 to 40 „ „ 

Clay 0 to 20 

A soil which is good for growing plants will contain a 
certain amount of water ; and this water will generally exist 
as isolated drops held by the soil particles between them and 
it may also remain as thin films adhering to the soil particles. 
The remaining space is filled with air. (See fig 48.) For the 
proper development and growth of the root-systems of land 
plants, this air is absolutely necessary. When the soil is 
water-logged through lack of drainage, this air is excluded 
and the root-systems of these plants suffer very much. 

The work of the root . — In the embryo plant which is 
just trying to come out of the seed, the part which develops 
first is the root. It is so, as the plant needs water for growth, 
and water is available only in the soil, and therefore, the roots 
of plants find tlieir way into the soil. Thus from the very 
commencement roots have not only to take on themselves the 
work of absorbing water from the soil but they have also to 
fix the plant in the soil. We must now try to learn how a 
root absorbs water and which part of it is actually concerned 
in this work. 

Absorption of water is an essential feature of a living 
cell. Plants of low organisation and submerged aquatics 
absorb water through the entire surface of their bodies. In 
land plants this work is restricted to the root-hairs. 
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A root-hair is merely a living cell very much elongated 
so as to increase the surface of absorption. Like an ordinary 
cell it consists of a cellulose membrane enclosing a vacuolated 
protoplasm. We know that protoplasm will be active only 
when there is water. And so it should have an inherent 
capacity to absorb water. 

The process of absorption really consists of three distinct 
processes, viz., imbibition, osmosis and protoplasmic absorption. 

The cell- wall of the root-hair is highly hygroscopic and 
consequently it adheres very firmly to the soil particles. 
The film of water round the soil particles gets into the cell 
membrane by overcoming the cohesion of the molecules of 
the cell- wall. The cell- wall swells and even becomes muci- 
laginous as a result of this entrance of water into it.” Water 
enters the protoplasm also, and thus makes both the cell-wall 
and the protoplasm more porous. This is obvious because 
there is swelling. All these are included under the term 
imbibition. 

By mere imbibition the process of absorption cannot go on 
continuously. There must be some other force at work to 
ensure continued absorption of water. It is a well-known 
fact that when two fluids or solutions of unequal density are 
close together and only separated by a porous membrane, the 
fluids or the solutions will get through the membrane and 
mix with each other. At first the weaker solution will flow 
towards the membrane and get into the stronger solution, 
and later on the stronger solution will diffuse through the 
wall into the dilute solution. This double diffusion through 
the membrane will go on until the density is same on both 
the sides. This process of diffusion is usually spoken of as 
osmosis. The diffusion into the denser liquid is termed 
endosmosis , and that in the reverse direction is called 
exosmosis. 

A root-hair is a membranous bag filled with water in which 
various substances are dissolved. The film of water adhering 
to the soil particles is a weaker solution compared with the 
water inside the cell-wall. And according to the physical 
laws of osmosis, water in the soil will flow into the root-hair 
through the cell- wall. The porous wall will also be wetted 
by the cell-sap from inside, and the cell-sap being denser will 
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. , if fhi <2 o'oes on continuously 

tend to diffuse into the soil. It this both 

we will be no absorption of water mto the plant. 1 he 
ordinary process of ^ to diffni 
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™fbe extremely slow. Gene,* the cell-sap — » ' 
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r Jain to excrete an, tree add except cm .ornc acid 
Tlte solvent action of the root is entirely due to the action 

tte T 1 “ b p°S“m of the root-hairs, it. addition to the poorer 
of modifying the ordinary process of osmosis, may bt said to 
IvT thc power * -election as well. Water ,» very rarely 

absorbed lit exist, in the soil The > » > »» * 

the same affinity for both water and salts. It has a e ieater 
mrfor molecules of water when there ,s more sal 
i tote in more salt when the watei is Uimte. mn 
lleetive power of protoplasm in the root-hair, by which it 
ties up water and solnble salts without strict regard to then 
n „tion is of very great importance to the plant. 

P The flow of water from the root-hair into the adjoining 
' oi i a nf the cortex is in accordance with the 

• ^the cortex water gets into 

th \^"^,ion of water, a cell -~id mul 

pressure in all these cells increases and this pressure is called 

^Cs^Chtlants the root-systems have other functions 
besides the normal function. For instance m Iponum M a- 
tas the roots swell and begin to store starch. As other 
examples we may mention the roots of Radish, Carrots, etc. 
Snmfifcimes roots help the plants in clinging to supports. 
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Roots of land plants possess tlie power of reacting to the 
external conditions and accommodating themselves to them. 
Their growth and development depend upon many conditions. 
The amount of water in the soil, its quality and concentration, 
amount and character of the food material, the temperature 
of the soil and its aeration are the factors that influence the 
development of roots. Roots are always highly sensitive to 
moisture, and this is expressed by saying that roots are 
hydrotropic. Young roots have always a tendency to go 
towards places where there is water, even overcoming 
geotropic tendencies, if necessary. 

The power of adaptation possessed by the roots is of great 
use to the life of the plant. Typical land plants have roots that 
are capable of normal growth even when the medium of the 
root-system is changed from soil to water. Hence water 
culture experiments are possible. 

The formation of the root-hairs should also be considered 
as they are the organs directly concerned in the work of 
absorption. A dry soil is not favourable for the development 
of root-hairs : but in an atmosphere saturated with water 
vapour the development of root-hairs is most marked. Soil 
conditions most unfavourable for the development of root- 
hairs are lack of moisture, resistance of anything that is hard 
and too high a concentration of the water in the soil. 

The development of the root-system as regards its shape 
and position depends also upon the kind of the plant, pro- 
vided that the root-system is adapted to the external conditions 
as far as it is possible. For instance, the roots of a Cholam 
plant springing from the seed sown in the soil at the usual 
depth, as well as those of the same plant sown somewhat 
deep develop in the same layer of the soil. If the rhizomes 
of Canna or Curcuma are planted very deep, the new branches 
arising from the deep rhizomes are all directed upwards until 
they attain the normal depth of the soil. 

The tror/r of the xte ni . — The stem grows above the 
ground and so its medium is air. Just as the root-system 
absorbs water from the soil the shoot-system takes in some, 
thing from the air. Evidently the materials absorbed by the 
shoot-system must be quite different from those absorbed by 
the roots. The root-system should have a large amount of 
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for absorption, and it is the root-hairs VMM 
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are satisfactory. Root-pressure, capillarity, evaporation from 
the leaf surface and osmotic pressure are undoubtedly the 
probable causes. Of these the most important factor is the 
evaporation of water from the leaves. When a cell loses 
water by evaporation, the loss will immediately be made 
good by the passage of water into this cell from the neigh- 
bouring cell. This second cell will affect the third cell and 
this in its turn the fourth and so on. The loss of water 
from a cell by evaporation makes the cell-sap denser and 
this leads to the increase in the osmotic pressure in the leaf 
cells. The effects of transpiration will be felt by all the 
cells from, the root upwards. In conclusion, we may safely 
consider the transpiration to be one of the chief factors 
concerned in lifting the water up the stem. 

The work of the foliage leaves . — The part played by the 
leaf and its importance to the life of the plant was not known, 
until the end of the eighteenth century. Before that period 
the leaf was considered to be a useless organ. But now we 
know that the leaf is as important an organ as the root, nay 
even more important. It is the leaf that prepares for the 
plant its chief food. So an eminent botanist says that “ the 
leaf embodies the very essence of a plant life.” 

To understand the work of the leaf it is necessary to 
recall to our mind the main features of its structure. The 
mass of parenchymatous cells forming the bulk of the leaf 
are held together and kept in position, by the network of 
veins, and covered over on both the sides by the epidermis. 
Stomata are most abundant in the lower epidermis. They 
are either fewer in the upper epidermis or they are absent. 
There are air cavities immediately below the stomata. 

The foliage leaf is an organ specially adapted for the 
reception of light and asborption of gases. It is also the 
chief place for the loss of water by evaporation. 

Of all the organs of the plant, it is the leaf that needs 
water in large quantities. The water absorbed by the root 
reaches the veins of the leaf, and from there it passes to 
the parenchymatous cells. The thinness, flatness, the hori- 
zontal position and the arrangement of the parenchyma are 
favourable conditions for the evaporation of watei fiom the 
leaves. However, evaporation does not seem to take place all 
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through the surface -of the leaf. The actual transpiring sur- 
face is the surface of the cells bordering on air spaces both 
in palisade and spongy parenchyma. Water escapes into 
these air spaces and then this gets out through the stomatal 
openings into the air. This escape of water as vapour leads to 
the concentration of the cell-sap in the cells bordering the air 
cavities, and water from the neighbouring cells will diffuse 
into these cells. As this process takes place in all the cells, 
there will be a sort of backward suction which may be 
considered as one of the chief causes for the ascent of water. 

The amount of water transpired by the leaf surface of a 
plant depends upon the structure of the leaf. A leaf having 
a loose structure possesses a large number of air spaces, and 
consequently transpiration from such leaves will be very rapid. 
There are several other factors influencing transpiration. 

Moisture in the air affects the process. If the air is dry, 
loss of water will be greater ; if saturated with moisture, 
transpiration will be retarded considerably, if not entirely 
stopped. If the temperature of the atmosphere be high, 
transpiration will be rapid and when the temperature is low, 
the amount of transpiration will he reduced very greatly. 
Leaves lose more water when there is wind ; but on a calm 
day there will not be much loss. 

The stomata play an important part in the regulation of 
transpiration. The guard cells of the stomata are capable of 
movement and by this means the opening may be varied. 
The factors concerned in causing these movements are light, 
humidity and water content. The mechanism by which the 
opening is narrowed or widened is very simple. The guard 
cells are fixed at their ends but the inner and outer walls are 
free. As these cells are generally active, especially in the 
presence of light they draw water from the epidermal cells 
that are adjoining. The result of this activity of the guard 
cells is to cause the inner walls to become more and more 
convex. We know that these cells are firmly joined to each 
other at the ends, so the increased turgidity forces them 
apart. If the evaporation tends to increase, or if the water- 
supply is inadequate, the guard cells lose their turgidity and 
the inner wall becomes less convex and the strain on the guard 
cell is removed and consequently the opening is narrowed. 
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- Tlie amount of water transpired by a plant can be 
determined very easily by weighing tlie plants growing in 
pots. Before weighing they should be covered so as to prevent 
evaporation from the pots. Several experiments bearing on 
the question of transpiration may be devised. 

The leaf with its delicate active cells is exposed to many 
dangers. Of such dangers the foremost are drought, strong 
light and cold. 

Plants growing in 
a dry region are 
in danger of losing 
much water by 
transpiration and, 
unless they deve- 
lop some means to 
protect themselves 
against excessive 
loss of water, they 
run the risk of 
extinction. By a close examination of plants growing in a dry 
region, it will be seen that the means adopted by them for 
protection are most varied. But they are all intended to lead 
to the same result, the reduction of the transpiring surface. 
Th e epidermis is always ready to check undue evaporation 
by developing a thick cuticle. There will also be a great 
reduction in the number of stomata. The palisade paren- 
chyma becomes very much pronounced by becoming verti- 
cally elongated and by increase in the number of layers. 
Outgrowths such as hairs, scales, waxy bloom, etc., are also 
means of protection. In some cases the leaves become 
reduced, and in others leaves do not at all develop. 

The entrance and the evaporation of water from the leaf 
are only means to an end, and this end is the manufacture of 
organic substances. Water brought into the leaf by the trans- 
piration current contains several salts in very minute 
quantities. As water escapes in the form of vapour, there 
will be a certain amount of concentration of salts in the 
parenchymatous cells of the leaf. This concentration enables 
the cells to obtain a sufficient amount of salts and at the same 
time causes more water to diffuse into these cells. 



Fig. 162. Boucerosia. 
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All plants,'' like animals, need food for their growth and 
development ; and the substances used by plants, us well as 
animals, as food, are the organic substances starch, or carbo- 
hydrates, proteids and water. Animals obtain these sub- 
stances from plants or other animals. Except water, the other 
substances cannot be obtained by plants from the soil. From 
the materials supplied by water absorbed by the roots and 
from carbon dioxide, leaves are able to make carbohydrates, 
and from this substance proteids can readily be prepared. 

In a 'germinating' seed the growing embryo gets its food 
from the cotyledons or the endosperm, where it is stored. 
This source of supply lasts only for a short time. As soon as 
green foliage leaves appear the plant will be able to prepare 
its food. If it is capable of doing this, we should be able to 
detect one or Other of these stuffs, in the leaves. In plants 
we find starch in all parts. And its presence can be made 
out by the use of an aqueous solution of iodine. Starch 
turns blue on coining into contact with iodine, and, there- 
fore, it is easy to demonstrate the presence of starch in leaves 
by the use of iodine. Obtain some foliage leaves from a 
plant which has been growing in the light and steep them in 
hot water for sometime. Next immerse these leaves in 
alcohol until they become white. Select one or two of the 
leaves thus bleached and place them in a shallow dish con- 
taining iodine solution. After a while they turn blue, or 
black according to the amount of starch present. If we 
examine a leaf taken from a plant kept in the dark for 
sometime for starch, we do not find any. Therefore we have 
to infer that starch makes its appearance only when the leaf is 
exposed to light. 

On exposing a starch-free leaf, detached from a plant 
kept in darkness for some time, to light by placing the leaf 
in a vessel containing water, starch will be found in it. 
From this simple experiment it follows that starch is formed 
in green leaves. Further, it must be remembered that for- 
mation of starch takes place only in parts of leaves actually 
bathed by the rays of light. Portions of leaves not exposed 
to light, even though contiguous with the parts exposed to 
light, are free from starch. These facts can be demonstrated 
by exposing a leaf for a day, after covering it with a stencilled 
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plate or paper. A leaf thus exposed, when bleached and 
immersed in iodine solution turns blue only in places 
exposed to sunlight and the portions covered and not exposed 
remain clear showing the absence of starch. (See fig. 163.) 

J , Starch is an organic eoni- 

\ ^ pound consisting of the 

elements carbon, oxygen and 
: ’ hydrogen. We know that 

, there is plenty of water in the 

foliage leaves, and this is the 
source of the two elements 
| hydrogen and oxygen. The 

third element carbon is 
obtained from the carbon 

I dioxide found in the air. 

{■" 

} This gas gets into parenchy- 

matous cells of the leaf 
through the stomata. Thus 
from water and the carbonic Fig. 163. Stencil-covered leaflet 
acid the leaf constructs starch. of Dolioho8 showin 8 8t * reh 

-r, ,, . , , formation. 

\ For this constructive work, 

both chlorophyll and light are necessary. This process of 
constructive work going on in the leaf is called 
| because it is one of combining simple elements into a 

compound, and this is possible only in the presence of 
| sunlight. The first visible product of photosynthesis is 

starch and starch grains are found within the chlorophyll 
j grains. However, in green plants sugar seems to be formed 

; at first and then, it is changed into starch. The cell -sap gets 

saturated with sugar and this condition will interfere with the 
work of the protoplasm, if at least a portion of the sugar be 
not removed or disposed off in some way or other. Further 
the activity of the chloroplastids will be very much hampered 
; by this concentration of sugar in the parenchyma of the leaf. 

I Part of this sugar is changed into starch and, as starch is in- 

soluble, there will be no interference with the osmotic activity. 

It must not be supposed that the process of photosynthesis 
' is a simple one ; it is a very complicated process and it 

probably consists of a series of processes. We have already 
said that Oxygen and Hydrogen are obtained from water and 
9 
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carbon from the carbon dioxide of the atmosphere. Both 
water and carbon dioxide are very stable compounds, and as 
such a great deal of energy is required to split them. The 
energy required for the decomposition of water comes from 
the protoplasm. But this energy is not enough to separate 
the carbon from the carbon dioxide. We know that in a leaf 
no starch is formed in the absence of light. Of course starch 
cannot be expected to be formed in a leaf, if carbon dioxide 
is withheld. Since light and green colour are essential for 
this process we should infer that the green chloroplasts are 
able to obtain energy from the rays of light. Light is 
absorbed and it is converted into some form of energy, 
probably electric energy. And this energy is used for the 
separation of carbon from the carbon dioxide. 

In the leaf carbon dioxide and water are in some way 
broken up and their elements rearranged so as to form 
carbohydrates, oxygen being given off. The evolution of 
oxygen takes place only when the plant is exposed to sun- 
light. That oxygen is given off when photosynthesis is going 
on, can very easily he demonstrated. Place in a glass vessel, 
which is filled with water a few leaves of any aquatic plant, 
such, as Ottelia, Hydrilla, Vallisneria, etc. Invert over the 
submerged leaves a glass funnel, and then invert over the 
funnel tube a test tube filled with water. On exposing the 
whole of the apparatus to sunlight for sometime, bubbles of gas 
will begin to rise from the cut ends of petioles or branches. 
After an hour or two a considerable amount of gas will be 
accumulated in the upper part of the test tube. This gas 
will make a red-hot splinter burst into flame, and this is the 
regular test for oxygen. The evolution of oxygen from green 
plants goes on as long as there is sunlight and carbon dioxide. 

The formation of sugar from the simple substances water 
and carbon dioxide is generally explained as follows by 
physiologists : — , ■ 


Carbon 

dioxide. 

CO* 


Water. 

mo :■;'== 


Formaldehyde and Oxygen. 

OEM) + 0* 


Bix times OBhOJs grape sugar and malt sugar is On. 

| The fegar formed in the leaf is the starting point, for 
stfitfch. As there is plenty of sugar in the leaf and as the 
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elements required for the formation of proteids are also 
there, the synthesis of proteids in the leaf is an easy matter. 
As a matter of fact -proteids are formed in the leaf. But it 
must not be forgotten that the green colour is not needed for 
this process. The formation of proteid can take place in any 
cell containing protoplasm. The elements needed for the 
formation of proteids are Carbon, Hydrogen, Nitrogen, 
Oxygen, Sulphur and Phosphorus. Sugar contains Carbon, 
Hydrogen, and Oxygen. Nitrogen, Sulphur and Phosphorus 
are brought to the leaf in the form of salts. The energy 
needed for synthesis of proteids comes from the protoplasm. 
The living substance undergoes oxidation and the energy set 
free by this process is used up for proteid formation. 


Pig. 164. Starch grains. A., Starch grains of Potato. 

B., Starch grains of DolicJws Labial). X 500. 

In this world the only place where organic matter is 
formed from simple organic substances is the green leaf. 
All organic matter existing in this world, however different 
they may be, wherever they may be found must have been 
derived or formed from substances manufactured by the leaf. 
So nature’s laboratory for the formation of organic matter is 
the chloroplast found in green plants. The life of the 
whole of the organic world is dependent on the process of 
photosynthesis. If there is no photosynthesis no animal can 
live. All the stored-up energy of this world are traceable 
directly or indirectly to this process. 
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Food of plants. — Plants like animals do work and grow. 
Both" these processes involve some expenditure of energy. 
And to make good this loss the plant needs food, and the 
materials used as food are the same in the ease of animals 
and plants. These substances are starch, sugar, oils and 
proteids. But plants differ from animals in being able to 
make these substances from simpler substances. Animals on 
the other hand have to obtain them either from plants or 
other animals, as they are unable to make organic substances 
from inorganic substances. Plants in virtue of the possession 
of the green substance chlorophyll are in a position not only 
to make food needed for their use, but they are also capable 
of storing large quantities of food material for future use. 

Though plants and animals need the same kind of food for 
carrying on the various kinds of vital processes, plants take 
in only inorganic salts such as water and certain gases. The 
water brought to the leaves by the transpiration current con- 
tains several salts, and these constitute the raw products needed 
for the preparation of the organic substances used as food, 

It is obvious that a plant must he supplied with all the 
elements found in its body. By means of chemical analysis 
it is possible to determine the constituent substances of 
plants very accurately. From 50 to 80 per cent, of the 
weight of a plant body consists of water. After driving 
away all the water the dry substance may be burnt and 
analysed. It consists of organic substances containing not 
much oxygen and so it is combustible, and as the result of 
combustion we get water and carbonic acid and ash. The 
chief elements are thus oxygen, carbon and hydrogen. 
The ash consists of mineral substances contained in the 
plant. It is obvious that these substances must be in quite 
different chemical combinations in the ash from those in the 
protoplasm. The process of combustion brings about this 
transformation. By a series of very careful analyses of 
different kinds of plants, it has been determined by chemists 
that a plant body consists of the elements Carbon , Hydrogen , 
Oxygen , Nitrogen , Sulphur and Phosphorus . These elements 
are absolutely necessary for the growth of the plant, and no 
growth is possible in the absence of any one of them. 
Hence these elements are called the essential element 
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:ing advantage of the fact that plants absorb every- 
through the medium of water, plants have been 
fully reared in culture solutions. The composition of 
olutions may be varied. We may withhold from the 
tny element and note the result. By a series of 
> experiments it has been determined that in addition 
six elements above mentioned potasximu, calcium, 
sium and iron must be given to the plant. Although 
dements do not actually enter into the composition of 
otoplasm, yet they seem to he essential for the various 
olic processes taking place in the plant, 
e culture solutions used for water culture experiments 
rmerous, and some of the important ones are given 


;ranimes. 

> gramme 


On 

1 or 2 litres. 

Very minute quantity 


2 litres. 

2 grammes 
1 gramme.- 


Very minute quantity 
3 known as ' Von 0 
its composition 


1 or 2 litres. 
1 gramme, 

0*5 n 
0*25 
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CHAPTER VIII. 

RESPIRATION OF PLANTS. 

The processes concerned in the nutrition of plants and the 
work of individual organs of a plant have been dealt with in 
the previous chapter. We have now to turn our attention to 
the process of respiration of plants, although it has already 
been referred to in another chapter. This process is a very 
important one and it is not easy to grasp, at the first presenta- 
tion, all the facts connected with it. We should also try to 
learn the part plants play in the economy of nature. 

All living beings are continuously at work so long as they 
are alive. And the performance of vital functions and the 
maintenance of life is dependent on the continuous supply of 
oxygen. Should the supply of oxygen be cut off all the 
activities in an organism will be brought to a standstill and, 
unless it is supplied within a reasonable time, the plant or 
animal will lose its vitality. 

It is a well known physical law that work, whatever its 
form and wherever done, involves an expenditure of energy. 
An engine at work is consuming energy supplied to it by the 
coal or fuel. When the coal or fuel burns, beat is generated 
and heat is one form of energy. A plant also is as truly a 
machine as a steam engine, so long as it is alive. Therefore, 
the work of a plant also implies a supply of energy. Whence 
does a plant get energy for doing its work ? 

It is a matter of common observation that an animal doing 
work breathes and that breathing increases, when the work 
becomes harder. Bo, we have to conclude that the power of 
doing work is connected with breathing in some way. 
Breathing, or respiration, as it is called, consists in taking in 
oxygen and giving out carbon dioxide and water. Some 
experiments have already been described by which we learn 
that plants also respire. A plant, from the moment it begins 
its life until its death, continues to respire incessantly. When 
respiration ceases the plant also dies. This intimate relation 
existing between respiration and the vital functions of the 
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plant gives ns a', clue regarding the source of energy . which 
plant's need for their work. During respiration considerable 
quantities of carbon dioxide are given off by the plant and it 
is obvious that the carbon contained in carbon dioxide should 
have come from inside the plant. This being so, respiration 
must lead to loss of weight. Further, this loss has to be 
made good, if starvation is to be prevented. Wedmow that 
sugar is formed in plants in the leaves and this is the basic 
substance utilised for all other organic substances. Therefore 
this sugar is the source of the respiratory carbon. 

All green plants are able to prepare carbohydrates in large 
quantities, and for the preparation of these substances energy 
is obtained from sun’s rays. The presence of food, or its mere 
accumulation in a plant body can no more be expected to 
supply energy than the mere heaping of coals in a steam 
engine. To set the engine in motion the coal should be 
ignited. That is to say, the energy lying locked up in 
coal for untold ages as latent energy has to be released by 
combustion. Similarly a plant can make use of the energy 
contained in the food stuff only when it is let loose from the 
food material. The objects of combustion in an engine and 
respiration in plants are one and the same. In the engine 
during combustion heat is generated and it acts on the boiler, 
piston, etc. Respiration also is combustion, only it is less 
violent than that going on in an engine. Oxidation taking 
place within the cell releases energy to be used by the 
protoplasm. 

Even in respiration a certain amount of heat is produced, 
as in the combustion of coal in an engine. But, it is con- 
ducted away as soon as it is produced, because a plant 
possesses a large extent of surface relatively to its mass. 
Further, the oxidation taking place in a plant is very much 
less violent. However in parts of plants where growth is 
actively going on, there will be a distinct rise in temperature, 
if care is taken to prevent rapid conduction. The flowers of 
several Aroidea? sometimes show a rise of several degrees 
above the temperature of air. Although in the steam engine 
it is the heat that is used up, in a plant heat is only incidental 
and it is not used by the plant for its work. It is riot- 
possible to make out the form of the energy that is used by 
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the plant for its work. We know nothing about the full 
structural details of the protoplasmic 'machinery in the cell. 
The respiratory process, if we take into consideration only 
the end products, may be expressed as a chemical equation 
thus ; — 

GeHwO* + t) Os = C 0(h + 6 HsO. 

In this universe no energy can be created anew or 
completely destroyed, but they may change their forms. So 
the energy locked up in the food of plants must have been 
stored by expenditure of energy. Whence did this energy 
come ? The carbon dioxide in the air is split inside the cell 
of a leaf* within the chlorophyll grain into carbon and oxygen 
by the energy supplied by sunlight. The oxygen escapes and 
the carbon combines with the elements of water and forms a 
sugar. This is really transformation of the energy of light 
which is kinetic, into latent energy in sugar. The energy 
locked up in compounds is latent in the form of unsatisfied 
chemical affinity, and when the carbon or sugar is made to 
unite with oxygen then kinetic energy is again gi ven out and 
this is used by the plant. 

Thus we see that the energy stored in the food material as 
latent energy is let loose, by the process of respiration, as 
kinetic energy for the use of the plant. An eminent vege- 
table physiologist describes the food materials of a plant as a 
kind of storage battery charged by the sun and discharged by 
respiration. 

Both plants and animals respire and so wo should expect 
the carbon dioxide to accumulate in the atmosphere. If this 
influx of carbon dioxide is not checked, it is obvious that the 
surface of our planet will soon cease to have living organisms. 
But in nature, in spite of the universal combustion going on 
in the form of respiration, the atmosphere never becomes 
foul. This forces us to the conclusion that there must be 
some other process going on in nature which prevents the 
accumulation of carbon dioxide in the atmosphere. Plants 
having chloroplasts take up all the carbon dioxide, and evolve 
oxygen, as long as there is sunlight. The air rendered foul 
by the breathing of plants and animals is thus made pure by 
green plants, A.- An 
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The process of photosynthesis carried on by' green plants 
is to a certain extent antagonistic to the process of respiration. 
The former process takes place only during the daytime and 
in green parts of plants, whereas the latter goes on always, 
both day and night and in protoplasm, and does not depend 
upon the green colour. Respiration leads to loss of weight, 
but photosynthesis brings about an increase in weight ; energy 
is released by the former and it is stored in latent form by 
the latter. Though the process of photosynthesis takes place 
only during the daytime, it is at least twenty times more 
active than the respiratory process. 

The part played by the green plants is of the utmost 
importance in the economy of nature. The main work of a 
chlorophyll hearing plant is the continual transformation of 
the energy of sunlight into latent chemical energy. The 
chloroplastid is an apparatus imbedded in protoplasm for 
catching the sun’s rays. In fact the plant is a machine whose 
work is to store up large quantities of latent energy, by the 
absorption of sunlight. Thus we see that the source of 
energy is the sun. As already pointed out the formation of 
starch from simple inorganic substances is the only way by 
which organic matter is formed upon our planet. “Nature 
does not possess any other laboratory for the formation of 
organic matter except the leaf, or more strictly, the ehloro- 
plast.” The energy thus stored up is released by the process 
of respiration. 
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CHAPTER IX. 

SPECIAL MODES OF NUTRITION. 

A great majority of flowering plants are able to manu- 
facture, during their lifetime, complex: organic substances out 
of water, some salts and gases obtained, from the soil ami the 
atmosphere. All such plants are normal land plants and 
all the processes taking place in 
nutrition are also to be considered as 
flowering plants there are a few 
from the normal 
modes of nutrition 
in certain respects. 

For example, plants 
like Yisoum, Loran- 
thns, Striga, and 
Santalum, instead 
of growing in the 
soil, attach them- 
selves either to the 
branches or roots 
of other plants. 

And yet all these 
plants carry on the 
function of photo- 
synthesis as well, 
as those plants that 
grow rooted to the 
soil. But for water 
and salts they are 
dependent on other 
plants, as they cannot get them from the soil. On account 
of this partial dependence such plants as these are called 
mmparasites. Because of the change in their habit, semi- 
parasites have their roots modified, so as to suit the altered 
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conditions. These modified roots, or Jiaustotm are specially 
adapted to obtain water from the wood of their host plants/ 

The Yiscums and the Lorantlutses found growing on the 
branches of trees, such as the Margosa, the Mango, the 
Tamarind and Pongamia 
are typical semi -parasites. / / 

There is nothing in the / 

stems and leaves to | 

suggest their parasitic Y \ 

life, but the roots plainly \ V, 

indicate this tendency. / P \ 

Further, the modifica- 

tions in the root are of -—-zr 

such a nature as to enable 
them to penetrate the 

bark and become inti- Fro. 166. A section through a hausto- 
mately connected with r * um °f Yiscurn showing the fusion 

the inner woodv tissue of- of x ^ em £? tween ^ h “ st “ d 

, , , .• ' , YT . J1 , parasite. P, parasite Viscum, H. 

the host plant. Without host plant Pongamia. 
this intimate connection, 

these plants cannot absorb water and it would be impossible 
to secure fixation to the branch of the host plant. 

Yiscums usually attach themselves to their host plants in 
only one place. On the other hand species of Loranthus 
secure attachment to a number of places by producing nu- 
merous hailstorm, and, therefore, these are more destructive 
to their host plants than Yiscums. All the species of the 
family Loranthacese are semi-parasites and they invariably 
grow on the branches of the shoot-systems of trees. (See 
fig. 79 for Loranthus parasitic on a branch of Alblzzm 
amara.) 

We have next to consider flowering parasites growing on 
the roots of the host plants. One of the most common and 
widely spread plant of this kind is Striga l uteci. It flourishes 
in fields, fallow or cultivated, and it grows from the roots of 
grasses, cereal plants or weeds. Striga attaches itself to the 
root of the host in only one place, hut Santalum, Ximenia 
and Can sj era produce a number of haustoria and secure 
attachment in many places on the root, system of the host 
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The semi-parasites so far mentioned have abandoned the 
usual mode of life of a green flowering plant, only m the 
manner of obtaining water and salts. So the advance in. the 
direction of parasitism is not very great, Seine species of 
Stri-a, however, show a little more advance m this direction 
For Instance, titrtga orobanchoides , which is usually found 
parasitic on Lepidagathis, Opuntia or Euphorbia is dark 
purple in colour and there is not much of green colour in it. 
Besides this, the leaves are reduced and scale-likt (m 
fi( , 78 ) So this plant cannot be expected to manufacture 
carbohydrates and, thercfore.it must obtain them from the 
host plant. Other striking examples of flowering parasites 
1 that are devoid ot 

chlorophyll and 
are parasitic on 
the roots or stems 
of plants are the 
Orobanches, Cus- 
cutas and Cassytha. 
Amongst the 

Orobanches, 0. 

n initial ut>, which 
is so destructive to 
the tobacco crop is 
widely 'distributed 
and well known. 
The tangled masses 
of yellow or 
greenish yellow 
threads found on 
trees such as 
Eugenia, Acacia 
and Buchanania 
are all of the 
species CitMytlM 
jilijonnix. f'" s ‘ 

Flti. 167- Cuscuta parasitic on Ipomce a Oitotia. rfiimnsfo 

generally attacks herbs such as Iponum 

etc. The threads twine round the 
on to the support by means of numerous lmustoiia pmdu 
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at. short-distances. Obviously these cannot, do the work of 
photosynthesis. 

In all flowering parasites that do not produce the chloro- 
phyll, the vegetati ve part of the plant should be expected to- 
be. very much reduced. The most conspicuous part of the 
plant body in all these plants is the inflorescence. The 
wonderful root parasite Eafflesia, already mentioned in a 
previous chapter, is nothing but a huge flower measuring 
about a yard across. 

On account of their parasitic habits, these plants are at a 
great disadvantage in the matter of dispersion of seeds and 
the securing of proper places for germination, compared with 
the ordinary land plants. In spite of this, we And all these 
parasites flourishing well all over the country. Yery often 
these become serious pests ; for instance, in many a place the 
plant Striga lutea grows so luxuriantly, as to be the despair of 
a farmer. We meet with trees full of Viscums or Loranthus 
all over the country. Therefore, we have to conclude that 
these plants have some special features to enable the seeds to 
find suitable places for their germination. All parasites 
should be able to find out their appropriate hosts, when they 
are young. Unless the seeds are close to their host plants, 
the seedlings run the risk of not finding their host plant. 
This risk is minimised in all parasites by their ability to 
produce seeds in large numbers. For example, a single 
Striga plant produces a mass of fine seeds numbering over 
sixty thousand. Even in Yiscmn and Loranthus seed pro- 
duction is fairly extensive, though not so profuse as in Striga 
or Orobanche. But the fruits are sticky and edible. So 
birds peck these fruits and as the seeds stick on to their beaks 
they get rid of them, by transferring them to the twigs or 
branches of trees. This is what is required for the seeds to 
germinate. In the case of parasites producing fine seeds in 
large numbers, the seeds do not germinate except under some 
special circumstances. Nearness to the host plant seems to be 
an essential condition for germination. The exact manner in 
which the host influences the seed is unknown. It is this 
striking peculiarity of the seed that enables plants like Striga 
and Orobanche to become serious pests. The seeds are hardy 
and remain dormant, until they come in contact with appro- 
priate hosts. 
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Fig. 168. A Saprophytic fungus* 


In many ways the fungi are one of the most remarkable 
groups of plants. Though the vegetative parts of fungi are 
very simple, their power of adaptation to varying conditions 
and the way they affect their hosts are things to be wondered 
at. Some fungi become associated with the roots of certain 
plants and such roots are called mycorrhiza . These roots are 
devoid of root-hairs and, instead, have a fine covering of 
fungal hyphae. The fungus undoubtedly gets carbohydrates 
from the root and the work of absorbing water is done by 
the fungus. 

There is also a very close association between a fungus and 
an alga (a lowly organised plant with chlorophyll) in what 
are called lichens. The alga prepares the carbohydrate 
material for its own use as well as for the use of the fungus 
and the fungus absorbs water and salts. (See fig. 170. ) 

There is yet one more method of nutrition observable in 
some plants to which we should now turn our attention. 
Plants usually obtain the nitrogenous substances they 
require, by the usual method of proteid assimilation. But 
some plants do not seem to be able to get enough of these 
substances and so they have adopted a novel method of 


The group of plants called fungi are entirely lacking in 
chlorophyll and, therefore, they have to obtain everything 
they want either from other animals or plants. Many of the 
fungi are parasites and they are responsible for most of the 
deadly diseases of cultivated plants. The rust, the smut and 
the mildew which destroy crops wholesale are all fungi. 
Several fungi obtain what they want from the debris of dead 
animals and plants and they are called saprophyte*. 
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supplementing their supply. By special adaptations these 
plants are able to catch small insects and make use of the 
nitrogenous stuff contained in them. As examples of such 
plants we may mention the species of Droseras and Utricularias 
flourishing in this Presidency. In swampy situations, all over 



the Presidency we meet with a tiny plant with small rosettes 
of leaves appressed to the ground. From amidst the leaves 
rises, the inflorescence, which is a false raceme with white 
flowers. This is Drosera Burmanni. The leaves are some- 
what rounded with a short narrow stalk. The whole upper 
surface of the blade is beset with bristle-like hairs ending in 
glandular tips. These hairs are reddish and are always 
secreting at their free ends a clear, sticky liquid. When an 
insect happens to become entangled amidst these, glandular 
hairs, all the hairs curve inward and the sticky juice is 
secreted in abundance and the prey is ultimately digested. 
In another species D. indica the leaves are linear and in 
other respects it is the same as D. Bnrmwnrn. (Bee figs. 155 
and 156.) 
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mlavia we have another set of plants that capture 
is an d make use of them as food. These plants 
marshes and in the edges of ponds and m wet 


Fro 170 A transverse section through the hlament ot usnea, 
highly magnified. 1. algal cell* ; t fungal h i/pha ; fi, compact 
fungal kifplm. 

places generally. The leaves are modified into special 
bladder-like structures with trap-doors to capture small 
insects as prey. (See fig. 158.) The most common species 
are U. WaUichiana and U. reticulata. 

Lastly we have the group bacteria to consider. Some of 

them are parasites and others saprophytes. The process of 
decay going on always in this world is hastened by some 
bacteria and fungi. 
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CHAPTER X. 

GROWTH AND MOVEMENT IN PLANTS. 

Large quantities of food material are produced by a green 
plant. But it utilises for its growth only a small part of it. 
The remaining portion is stored in places such as roots, stems, 
fruits and seeds. The manufacture of organic substances is to 
help the growth of the plant, and growth means increase of 
organs in size and number. Growth and formation of food 
may go on for any length of time under favourable conditions. 
Once a plant starts life, it may go on living for any length of 
time, so that the same individual continues to live. Consider 
the case of such a tree as the Banyan which is capable of 
growing for a long time unceasingly and covering many acres 
of land by gradual extension, if left undisturbed. It 
produces adventitious roots from branches, and these get into 
the soil and support the branches and also absorb water con- 
taining salts. As examples of trees thus extending we may 
mention two Banyan trees in this Presidency, one in the 
neighbourhood of Madura town and the other near the village 
Jakkeri, in Hosur taluk. 

A plant assimilates the food it prepares and transforms it 
into cells, and formation of new cells leads to the process of 
growth. The processes of nutrition and growth are independ- 
ent. They do not take place at the same time, and in the 
same place. Growth is active in the younger parts of plants, 
and the fully developed organs alone are concerned in the 
work of nutrition. In plants growth is localised and it can 
go on unchecked so long as conditions are favourable. But in 
animals it is not localised and it ceases after a certain stage. 

By growth we mean increase in bulk, and it must not be 
forgotten that it is not necessarily due to addition of new 
matter. For instance, during germination the growing seed- 
ling will show loss of material, instead of gain in weight. 
Increase of bulk in the case of growth is brought about by the 
addition of new cells and their subsequent expansion. 

10 A A ■ : A- 
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Growth really consists of three distinct processes, Viz., the 
formation of cells by cell division, elongation of cells and 
their differentiation. The division of cells takes place at the 
extreme tip, and the other two processes take place in the 
region lying behind the actual tip. It must not be supposed 
that these three regions are quite distinct, one region passes 
into the other insensibly. At the actual tip the formation of 
cells is the most prominent feature, and in the part behind it, 
elongation is the chief feature, though differentiation may be 
going on in certain cells. 

All the cells constituting the tip of the growing point are 
small and meristematic. Further, the protoplasm in these 
cells is very compact and fills the cell completely. As new 
cells constantly arise, those already formed begin to change 
in size, shape and character. Gradually the protoplasm in 
these cells begins to absorb water and the cells then become 
turgid. The extra amount of water absorbed must necessarily 
put the cell wall on the stretch. The protoplasm inside the 
cell, being always active adds to the cell-wall so that it retains 
permanently the size it gets under pressure. Once again the 
cell-wall will be stretched and there will be addition of 
material leading to the further growth of the cell-wall. This 
process of tension and growth will be going on until the cells 
attain their permanent form. As soon as this takes place 
differentiation of cells commences. 

By closely watching the growth of the roots and the shoots 
of seedlings, we may ascertain that growth in length is con- 
fined to the part behind the actual tip in the growing points. 
To facilitate the observation, marks may be made at equal 
distances with water-proof Indian ink on the growing 
portions of the root or the shoot. Marks made on the part 
behind the growing tip alone get separated. 

Movements in plants . — A plant has different kinds of 
work to do. If it is to perform all its functions properly, it 
must possess not only the power of placing all its organs in the 
position most appropriate for the due performance of their 
functions, hut they should also have the power of respond- 
ing in a suitable manner, when changes occur in external 
conditions. All the organs must be arranged to their best 
advantage. For instance, the foliage leaves must be so held as 
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to enable all the leaves to obtain sufficient light and the roots 
have to get into the soil and there branch in an adequate 
manner. 

The factors, influencing the organs of a plant are gravity, 
moisture and light. The main root of a plant goes vertically 
downward in response to the stimulus of gravity. For the 
tap-root this is the position of rest or equilibrium, and the 
same stimulus has a different directive influence on the lateral 
roots ; these take a horizontal course. The shoot also is sub- 
jected to the influence of gravity, but its position of rest is 
different from that of the root. It goes straight up against 
gravitation. Any disturbance in the equilibrium in the root, 
or in the shoot causes the part disturbed to make a curvature 
which will enable the member to assume the position of rest. 

Movements exhibited by plants in response to stimuli are 
due to the property of irritability possessed by plants. The 
protoplasm is able to respond to stimuli of different sorts, 
and irritability is one of the fundamental properties of the 
protoplasm. 

The root has the power of responding to both moisture 
and gravity. When a root is disturbed by any change in its 
position of rest, it readily responds by means of growth cur- 
vatures, and the movements causing the curvatures are called 
trophic movements- . For instance, a seedling having a well 
developed tap-root when placed in a horizontal position wall 
show a curvature a little above the growing tip and the root- 
tip will assume the vertical direction. This movement of the 
root in response to the influence of gravity is called positive 
geotropmn . As growth in length chiefly takes place just 
behind the root-tip, the growth curvature is seen in this 
region. It should also be remembered that the root-tip alone 
is sensitive to the stimulus of gravity. The tap-root of a 
seedling is not affected by gravity when the actual growing 
tip is cut off. However, when a new growing point is formed, 
the root responds. From this it is clear that the root-tip 
alone is sensitive. The shoot also under similar circum- 
stances responds to the stimulus of gravity by means of a 
growth curvature just behind the actual growing tip. But 
the direction of the curvature in this case is quite opposite to 
that of the root, and hence the shoot is said to be negatively 

10- A 
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geotropic. The reason for this difference m behaviour, 
although the stimulus is the same, is the difference in 
structure between these two organs. 

The fact that the root and the stem are made to grow as 
they do by the influence of gravity may be demonstrated by 
means of a special apparatus, called the Klinostat. The 
apparatus is only a clock-work arrangement which rotates an 
axis bearing a plate at its free end. The axis can be made to 
be horizontal in position. In this position of the axis the 
plate must necessarily rotate in the vertical direction. If we 
flx to this rotating plate, seedlings in different directions, no 
curvatures are seen either in the root or the shoot. This is 
because the seedling is exposed on all sides equally to the 
influence of gravity. So there is no curvature. This method 
is adopted as it is impossible otherwise to prevent the action 
of gravitation. 


. 171. Klinostat. The dotted line denotes the position the 
leaves and the axis at the top would occupy when the Klinostat 
is not set going. 


The response of the root to the stimulus of moisture is 
called hydrotropism.- One may probably be led to wonder 
as to why the root should be influenced in this manner by 
gravity and moisture. If we remember the functions that a 
root has to perform, it becomes obvious that it is necessary for 
the root to be so affected by these two factors. The great 
need of the root-system is to explore the soil thoroughly and. 
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to come in contact with as much soil as possible, in order to 
do its work efficiently. 

The tap-root has generally a tendency to grow vertically 
downwards. But it will not do so under all circumstances. 
Sometimes, for the sake of moisture, it will move against the 
force of gravity. If in a large seedling-pan filled with saw- 
dust or sand, we place in the centre a flower-pot filled with 
water and plant around it outside seeds and allow them to 
sprout and grow into seedlings, we shall find all the roots 
turned towards the pot containing water. In the case of 
epiphytes the aerial roots sometimes grow straight up for the 
sake of attaching themselves to branches lying above them. 

As green plants require light for doing their work, we 
should expect them to respond to the stimulus of light also. 
When a plant is placed near a window, the shoot invariably 
curves over towards it because of the one-sided illumination. 
When a plant fixed to the plate of a Klinostat in motion, is 
placed near a window, the stem does not curve towards the 
window, but grows erect. In this case the plant receives 
equal illumination on all sides. A Dolichos L (ibid b seedling 
placed near a window showed the curvature within twenty 
minutes. Plants growing in open places grow straight, for 
they are equally illuminated on all sides. In a shoot bending 
towards light, the axis lies in the direction of the light rays, 
whereas the leaves are either at right angles, or oblique. 
This conclusively proves the fact, that the same stimulus does 
not necessarily produce the same kind of response in all the 
organs of a plant. As a matter of fact, the response is 
dependent upon the character of the organs concerned, as well 
as upon the nature of the stimulus. Aerial roots and tendrils 
of certain plants turn away from light. 

In the case of all curvatures the actual bending takes 
place only in the region of maximum elongation, but the 
power of perception belongs to the younger parts above it. 

We should not omit the movements exhibited by proto- 
plasm within the cells. In the epidermal hairs of Oucurbita- 
ceous plants the protoplasm inside the cells shows a kind of 
movement which is called circulation . The protoplasm 
within the epidermal hair-cell consists of a layer adhering to 
the cell-wall and a number of slender protoplasmic threads 


ISO ' MANUAL OF ELEMENTARY BOTANf 

and they are in different directions. There is another kind 
of movement in which the protoplasm moves along the cell- 
wall in one direction only in a cell, carrying with it the 
nucleus and the chlorophyll grains. This movement is 
called rotation. The direction of movement will be different 
in different cells, but inside the same cell the movement will 
be in one direction only. In one cell the motion may be 
from right to left and in a second cell it may be from left to 
right and so om 
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CHAPTER XI. 


INFLORESCENCE. 


We have already examined asi types the Tribulus and 
Gynandropsis plants. In the former the flowers are borne 

si ugly in the axils. J ndging 
from the position, we have 
to conclude that the flower 
is really a branch bearing 
floral leaves, instead of 
foliage leaves. In Gynan- 
dropsis pentaphylla the 
flowers spring from the 
axils of leaves, but they 
are all gathered together 
towards the ext remit i es of 
branches. The leaves from 
whose axils flowers grow 
out do not differ very much 
from the ordinary leaves 
in this plant, except that 
they are small. But leaves 
thus associated with flowers 
are generally small and 
differ very much from the 
foliage leaves. Such leave 8 
are termed bracts. The 
flower bearing axis in Gynandropsis grows steadily upwards 
producing flowers one after another in regular succession ; 
and so the oldest flowers are below, i.e., further away from 
the apex of the axis and the order of the opening of the 
flowers is from the base upward towards the apex (aerbpetal 
succession ) . 



Fig. 172. Raceme of Crotalaria. 
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A collection of flowers on an axis is called an inflorescence. 
there is considerable amount of variation in the matter of 
the arrangement of flowers, and so we have different kinds of 
inflorescence. An inflorescence similar to that of Gynandrop- 
sis, i.e., one in which a number of stalked flowers are borne by 
an elongated axis in acropetal succession, is called a raceme . 
there are many plants having this kind of inflorescence, and 
as examples we may mention those of Crotalaria, Sesbania 

cegyptiaca , Cleome and 
Tephrosias. In all these 
plants the flower-stalks are, 
more or less, of the same 
length. In the terminal 
younger part of the inflo- 
rescence of Gynandropsis 
the pedicels of the lower 
flowers are longer than 
those above and as a conse- 
quence all the flowers are 
on the same level. This 
F i Or. 173. Corymb of Cassia. kind of inflorescence is 

called a corymb. (A cymose 
inflorescence also is sometimes corymbose.) 

Examples of corymbs may be sten in Cassia, Csesalpinia 
and Ixora. 



Fig. 174. Spike of Digera. 

Flowers are not always stalked. They may be sessile on 
the axis as in the inflorescence of Achyrantb.es aspera. Com- 
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pared with the raceme this differs from it in only one respect, 
v iz., the absence of pedicels. Such inflorescences as these are 

called spikes . As further 
examples of spikes we may 
mention the inflorescences of 
Amarantus, Digera and Celosia. 
Sometimes the axis of the spike 
becomes fleshy and a large 
sheath or bract also becomes 
associated with it, as in the case 
of the inflorescence of Coloca- 
sia or Amorpliophallus. Then 
the inflorescence is termed 
spadix , the sheath being called 
a spathe. 

Very often the stalked 
flowers, instead of springing 
from the axis at different 
heights, arise from the summit 
of the main axis, and this is 
called an umbel. The inflo- 
rescences in Onion, Coriander, 
Tylophora and Pentatropis are 
all umbels. If we imagine the 
flowers of an umbel to be sessile, instead of being stalked, 
we have an inflorescence termed a head or capitulum. 
The summit of the peduncle 
becomes enlarged, in this case, 
so as to afford room for the 
sessile flowers. The so-called 
flower’s of the Sunflower plant, 
of Tridax and of Yernonia are 
all heads. 

The raceme, spike, umbel 
and head have the flowers in 
the same succession. The 
oldest flower is at the base and 
the youngest is at the top of the 

axis. Further, the axis is a „ . , ...... 

Of an Asclepiad. 



Fig, 175. Spadix and spathe 
of an Aroid. 
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FiCr. 177. Compound Umbel. 

aonopode'. So these may he considered as forming a type 
TL™,,. and the type is called racemose or botryose, 
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It is also called cert t r ine fa l because the order of Idossoiffing of 
the flowers is from the circumference of a circle to its centred 
another term sometimes used is indefinite.-. 


179. Flower head of Tridax. 1, entire head ; 2, head cut 
vertically ; 3, ligulate flower ; 4, tubular flower. 


In some plants the main axis terminates in a flower which 
is the first to open. Lateral branches arise later from below 
and they also end in flowers. The inflorescence in the ordi- 
nary Jasmine plant is of this kind. It consists of an old 


Fig . 180. A simple cyme of the J asinine plant. 


flower in the centre and two young flowers laterally, one on 
each side. This kind of inflorescence is quite distinct from 
the botryose type and so it is called cyrnose* As the order of 
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flowering m this type 1, 
the inflorescence is cl 
called defin ite. 

In the cymose type 


an inflorescence m Jasmine 
may be termed a simple 
cyme. A simple cyme of 
this sort becomes modified 
in many plants. The 
lateral branches, in their 
turn, give rise to lateral 
flowers, one on each side. 
Then, instead of a simple- 
cyme, we get an older flower 
with two simple cymes on 
the two sides. Such inflo- 
rescences as these are met 
with in several species of 
Ipomoea, Clerodendron, etc. 
This kind of increase is 
in some cases repeated 
erium and Wrightia. If the 
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the cyme is termed scorpioid. In both these varieties the 
^ axis becomes straight 

^ A I ^ er » though in the young 

. li stage it is coiled at the 
' / free end, and it is a 

Jjgf * sympode. The helicoid 

mS^ 0 A— cyme may be mistaken for 

\I/ a raceme with flowers all 

|/ g5 jL 1^.- ^ on one side. But as the 

| \y axis is really a sympode 

ww *H0&^ / — the arrangement of the 

^illll? \ bracts will be quite differ- 

iBr iP^ ent> in the case of the 

W i m 2 3 helicoid cyme the bracts 

ii ■ ™ ‘ wlipn nresent will be 


Fig. 183. Scorpioid cyme of Hello - 
tr opium ovalifolinm . 1, side and 2, 
front view ; 3, diagram to show the 
alternate suppression of lateral 
flowers. 


opposite to the flower, and 
in the case of the scorpioid 
cymes there will he two 
rows of bracts, if present. 



F r.G. 184. Yerticillaster of Leonotis mpetenfolia. (Slightly reduced.) 



Fig. 185. Verticillaster of Leo noth nepet<e, folia cut through to 
show the cymose nature of the inflorescence . 

The main kinds of inflorescences and their modifications 
may be tabulated as follows : — 

A. The Racemose type. — In this type the rachis gives 
rise to flowers in acropetal succession, i.e., the young flowers 
are at- the top and the old ones at the base of the axis. This 
is also called centripetal or indefinite. 

(1) Raceme — pedicelled flowers borne by an 

elongated axis from the base upwards in acropetal succession. 

(2) Corymb — A raceme in which the pedicels of the 
lower flowers are longer than those of the upper. 

(3) Umbel — pedicelled flowers all springing from the 
top of the axis. 

(4) Spike — sessile flowers borne by an elongated axis 
from base upward, 
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Sometimes two cymes spring at the nodes opposite to one 
another as in Oeimum and some other genera of the same 
family. In some cases, as in Leucas and Leonotis the cymes 
become condensed and overlap the axis and look like a whorl 
of flowers ; so this is called a false ivhorl- or a verticillaster. 
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(5) Capitulmn— sessile flowers on the summit of the 
main axis which becomes enlarged. 

All these inflorescences are of the simple type. We have 

also compound forms. . 

(1) Compound raceme. — The main axis, instead or 

bearing stalked flowers, has racemes. 

(2) Compound umbel.— The peduncle bears umbels 
instead of single flowers. 

( 3 ) Compound spikes. — Simple spikes arranged on an 
elongated axis. 

(4) Panicle. — Any inflorescence with a loosely 
branched appearance, whether the branching be racemose or 
cvmose or both. 

B. The Cymose type.— In this type the primary axis 
or raehis ends in a flower and then produces immediately 
below the first flower lateral axes either terminating in a 
flower or behaving like the main one by further branching. 

(1) Simple cyme. — The axis bears three flowers, the 

central one being the oldest. 

(2) DicJiasium. — The axis terminates in a flower and 
then produces a pair of lateral branches bearing cymes that 
are simple or they may also become branched further by 

repeated divisions. . 

( 3 ) Monwhcmum.—An elongated sympodial axis 

bearing flowers, the bracts being opposite the flowers. Theie 

are two varieties of monochasium. 

(a) Helicoid. — The lateral branches develop on 
only one side in a regular manner, and the other one being 

regularly suppressed on the other side. _ 

{/,) Seorpioid, — The suppression of the lateral 
branch is alternate, i.e., the right one is suppressed and then 
the left and again the right and so on. 

(4) Verticillaster. — Axillary cymes very much con- 
gested and surrounding the stem. 
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CHAPTER XII. 

THE FLOWER. 

A flower is a short shoot appearing* only periodically on a 
plant with longer or shorter intervals. In plants we And 
leaves and leafy shoots always, but not flowers. This is so on 
account of the difference in their function. Leaves and other 
vegetative organs are concerned in the work of nutrition, a 
process going on continuously. Oh the other hand, flowers 
are the organs intended for the propagation of plants, through 
the seeds ; and propagation is not one of the processes going 
on continuously in a plant. So we do not find flowers always. 
Large quantities of food material are needed for the formation 
of flowers and this is why a young plant does not produce 
flowers. A period of vegetative activity must necessarily 
precede the formation of flowers, otherwise large accumula- 
tions of food material are not possible. In corms and bulbs 
large amount of food is stored and therefore they give rise to 
flowers when planted. 

From a study of the Tribulus terrestris flower we have 
learnt that a flower consists essentially of an axis carrying 
sepals, petals, stamens and the pistil. The first two, sepals 
and petals, are only accessory organs forming the perianth of 
the flower. The remaining two sets of organs form the 
essential organs of the flower. This flower is a complete one 
because it has all the four sets of the floral organs. Both the 
essential organs of the flower exist together and so the flower 
is bisexual or hermaphrodi te. 

Let us now look at the arrangement and the insertion of 
the various parts in the flower. All the parts are attached 
to the free-end of the flower-stalk in a definite order. The 
apex of the stalk, or the receptacle , as it is called, is sur- 
mounted by the pistil and the other whorls are below this. 
The pistil is therefore said to be superior, and the other parts 
inferior. 

The parts of the outermost whorl or sepals alternate with 
the petals. There are two whorls of stamens, the inner being 
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opposed to the petals and the outer to the sepals. The ear- 
pels in the innermost whorl alternate with the second or the 
^ — v inner whorl of stamens. 

M i\| j. 1 1 f A There are five protuber- 

\ 1 1 1'i 1 / anees in this flower, con- 

neeted with the shorter 

'"VA Stame J 1S ’ ^ ese are 

The Tribulns flower 

possesses five whorls and 

lijf each of these consists of 

„ - 0 „ A1 -, vi x- i* five members. Further, 

Fro. 186. A longitudinal section of a . 

flower of Tribulus showing the the flower can be cut into 
attachment of the parts two symmetrical halves 

through any nlane. So it is a tvnical regular, symmetrical 


Fro. 187. Floral diagram of Tribulus. 


represent such sections diagramatically, and they are called 
floral diagrams. For showing in a clear manner the positions 
of the parts, it is a convenient method. Circles correspond- 
ing in number to the whorls are drawn concentrically and 
on them the position, as well as the union of the parts of each 
whorl, are marked. The position of the main axis bearing the 
flower and that of the bract are also usually represented in 
the diagram. The floral diagram is represented in fig. 187. 
Out of the five sepals, two have both their margins outside, 
two have them inside and one has a margin inside and the 
other outside. One petal has both the margins outside, 
another has both its margins inside, and the remaining three 
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petals have one margin in and the other out. In some 
flowers petals are contorted. 

Flowers that are solitary 
f usually arise from the axils 

J/A wA of leaves. But in the ease of 
flowers that are clustered 
. 'If! together so as to form inflo- 
^ ^sconces, the individual 

^ owers SP™#' from the axils 
' of very small scale-like struc- 

( tures and not from the axils 
Wf f°fl a §- e leaves. These 

§ Ms small structures are bracts, 

j ||§ There are also instances in 

' which the bracts are want- 

ing, as in the case of Mustard 
and Oleome. Very often, 
we meet with plants whose 
flowers bear, in addition to 
the bract, two small additional scale-like structures. These 
are called bracteoles. The flowers of DoHchos Lahlab and 
Glitoria Terncitea have both bracts and bracteoles. We have 
also instances of flowers having more than two bracteoles, in 
the flowers of Hibiscus, Pavonia and Cotton. There is yet 
one more variation ‘in the bract already referred to in the last 
chapter and this should not be passed by. The whole of the 
inflorescence in certain Avoids and palms is enclosed com- 
pletely, by a large sheath and it is termed a spathe. It is not 
uncommon to have more than one spathe in the inflorescence, 
for instance there are many spathes in the spadices of Musa. 

We find endless variations in the structure of flowers and 
so it is necessary to examine the flowers of a few more plants. 
We may study the flowers of DoHchos Lahlab, Crotalaria, any 
Hibiscus, Ipomcea, Ruellia prostrata. Allium Gepa, Crhmm 
asiaticum and Aristoloohia bracfmta with advantage. 

The flowers of DoHchos Lahlab are clustered together so as 
to form a compound raceme. The flower-stalks of the indi- 
vidual flowers (pedicels) spring from the axils of small bracts 
and there are also two bracteoles, one on each side of the 
calyx. The outermost whorl of the flower the calyx, is in 


Fro. 188 . Bract and bracteoles in 
the flower of DoHchos Lahlab 
a, bract, and b, bracteoles. 
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the form of a cup, but five divisions may be made out in it 
showing that it consists of five sepals ; in such cases as these, 


Fig. 189. A spathe and spadix of the Coconut palm, 


the calyx is described as aamo or monf^ sepalnus^ Of petals 
there are five, and they are mot all alike ; one petal is larger 
than the others and it is the outermost in the hud. In an 
open flower this petal stands upright and is generally very 
conspicuous, and it is called the standard. On the sides of 
the standard and below are two petals and these are called 
ahe or wings. Next to these come two narrow petals bent 
in the middle and cohering so as to resemble a boat, the 
free! petals. Within the keel petals lie the stamens, ten in 
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number. One stamen alone remains free and the remaining 
nine are united together by their filaments so as to form a 
tube slit on one side. Stamens thus united into two bundles 
are described a s diadelphous . The anthers are all uniform. 
The pistil consists of an ovary and a style bent in the 
middle so as to correspond with the bending of the keel 
petals. 


FiG. 190. The floral parts of Dolichos Labial), 

A, calyx ; B, petals ; C, stamens ; D, pistil. 

The flowers of Crotalaria resemble those of Dolichos Lab- 
ial in all essential respects. The stamens are in this case in 
one bundle ( man acleJ.pl unis ) and the anthers are of two 
kinds, five elongated and five rounded and short. When the 
stamens are of two kinds, as in this case they are said to be 
dimorphic. 

Of the various species of Hibiscus the commoner ones, 
such as, Hibiscus esculent, us, H. vitifolias, H. cannabinus 
and H. micranthus may be examined. In Hibiscus esculen - 
tus the flowers are solitary and axillary. There are a num- 
ber of bracteoles forming an epicalyx. The calyx is tubular 
and it opens on one side to allow the petals to come out. 
There are five petals free except at the very base where they 
are attached to the stamina! column. The stamens form a 
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tube, i.e., they are monadelphous. All the anthers are borne 
by short threads disposed along the outside of the tube.. An 
anther usually consists of two lobes, but in this flower it has 
only one lobe. Within the staminal tube lies the pistil, 
which consists of a dilated portion, the ovary, a thin thread- 
like part, the style, terminating in five branches bearing the 
stigmas. 



"Fir 191 The floral parts of Hibiscus vi iifoUus. 1, receptacle , % 

wS: ,t«4* , 4. hx 

branches bearing stigmas. Two anthers, one closed and the 
other open, are also shown 

The flowers of Hibiscus vitifoUus and H. cannnbinm are 
similar to those of H. esculentm in all essential respects, but 
the bracteoles and the calyx are different. The flowers of 
H mkranthns are rather small and the petals are white, 
whereas those of the species mentioned above are yellow. 

The flowers of Cassia are collected together m simple or 
compound corymbs, and the flowers are bracteate The 
sepals and petals are both free and they are very often of 
the same colour, and the sepals are then said to he peMutd. 
Further, the sepals vary in size in the same flower m several 
species of Cassia. Stamens are ten and are not all alike ; some 
are long with well formed anthers and others short with 
imperfect anthers. The anthers open by means of pores 
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at the apex. The pistil is like that of Dolichos Labial 
in essential points. 

The flowers of Iponxoea are different from those already 
described in this chapter. A flower-stalk terminates in a 
flower, or there may be three flowers borne by the peduncle 
and then, the middle flower is invariably the oldest. Bo the 





Fig. 192. The floral parts of Ipomoea. 1, corolla laid open with 
epipetalous stamens ; 2, the pistil ; 3, young fruit ; 4, transverse 
section of a young fruit ; 5, capsule with persistent quincuncially 
arranged sepals. 


inflorescence is a cyme. In some species it is a dichotomous 
cyme. The sepals are generally free and their folding is of a 
particular type called quincunmal. Of the five sepals, two 
are completely outside, two inside and one partly inside and 
partly outside. The corolla is in one piece and hence called 
wmo&etdlouH. It is tubular, funnel-shaped or bell-shaped 
according to tEe species. Five lobes can be made out in the 
corolla. From inside the tube five stamens arise, and so they 
are said to be emvetahus. T he pistil consists of an ovary and 
a thin style terminating in a stigma of two globular bodies. 
Within the ovary there may be two cells or four. 
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The flowers of Ruellia prostrata are axillary and solitary. 
The calyx consists of fixe free sepals and the corolla is 
tabular and funnel-shaped. There are only four epipetalous 
stamens, two long and two short. The ovary is two-celled, 
the style thin and the stigma bifid. 







m 




Fio, 1 93. The flower of Euellia and its parts. A, corolla ; B corolk 

laid open with didynamous epipetalous stamens ; G, pistil , , 

capsule ; E, capsule bursting and hurling the seeds. 

The flowers so far dealt with are regular and complete 
ones The flowers of Achyranthes and Anstolochia are 
not so. In both, there is only one whorl of perianth, and 
is the calyx. The ovary in Aristolochia is interim and, in 
Achyranthes, it is superior. The stamens of Achyranthes are 
five and they alternate with five scale-like structures, callec 
Z^nod^ In Listolochia the stamens are reduced to their 
•mthcrs without filaments and they are sunk within a 
shortened style. The style is very much abbreviated and 1 
“ountk by a six-lobed stigma. There are six anthers 
“ There are many plants in which the flowers are 
instead of being bisexual. The flowers of Gouids and 
Cucumber plants are unisexual. In Gephalandra nahea the 
„ . „ T%1 „ nr are a ii either stammate (male), or 

JStfe"5emale). On the same plant We never nnd both the 
ESTTottre plant is either a male plant or a ternale one. 


I ' 

I i 




m MANUAL OF ELEMENTARY BOTANY 

In such cases as these, the flowers or plants are said to be 
dioecious . If both staminate and pistillate flowers are found 


Fig. 194. The flower of Arktolochia bracteata. 1, longitudinal 
section ; 2, stamens and the style. 


the same plant, as in Cucurbita, Ricinus, Cocos and 
Acalypha, they are said to be monoecious. When bisexual as 
well as unisexual flowers occur on the same plant they are 


Fig. 195. The unisexual flowers of Cepkalandra indiea, a, male 
flower ; b, the stamens ; c, pollen grain highly magnified, 
d, female flower ; e, style branches ; f, transverse section of a 
young fruit. 


polygamous. As examples of plants with polygamous 
flowers we may mention Ccirica papaya , Oratceva religiosa 
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G. 196. Flowers of 
Ach y ninth ex a upera. 
1, flowers on the 
axis ; 2, detached 

flower with bract 
and bracteoles ; 3, 


Fk- 197. The floral parts of Achymnthw 
axpera . 1, stamens with staminodes ; 

2, fruit ; 3, seed. 


IStll. 

Before dealing with the monocotyledonous flowers, we 







Iflfl 




Fkj 198 The floral parts of Amamutm riridts. I, male flower with 
four perianth lobes ; 2, male flower with three penanth lobes , 
3, female flower ; 4, ovary ; 5, fruit ; b, seed. 

Shall do well to refer to one or more plants having incomplete 


: 


1 : ' 
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{lowers. In the very widely distributed Amarcmtus mridis. 
the perianth is single and even this is liable to variation* In 
most of the male flowers there are three perianth segments, 
in some four and in rare instances even five. The stamens 
also vary in number from three to five. In all the female 
flowers, we find only three perianth segments. 

We shall now consider the structure of the flowers of the 
two monocotyledonous plants Allium Cepa and Crintmi 
asi at i cum. 

The flower of Allium or Onion has two whorls of 
perianth, the calyx and the corolla, both of them being white. 


The sepals and the petals alternate with each other and there 
are three members in each of these whorls. The stamens are 
in two whorls of three each, and the stamens of the outer whorl 
are opposite to the sepals and those of the inner to the petals. 
The ovary is superior and three-cellecl. The flowers are 
pedicelled and are in umbels ; but the opening of the flowers 
is from the centre to the peripheral part of the circumference. 
Bo, though the inflorescence is an umbel, it is cymose in 
character. The flowers of Crinum are also in umbels, and 
they do not differ very much from the Onion flowers in their 
structure, except that the parts are larger and the ovary is 
inferior 'ppi: * -A.' ■ 

From a study of the structure of a few flowers, we clearly 
see that the parts of a flower are subject to considerable 
variations* Bo, it would be instructive to deal with tlie parts 
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general way, noticing only tne mo 
•esented by them. 

ie main work of the calyx is protection 
the flower, it is obvious that it should be 
of all flowering plants, except m cases 
m is given by some other part, T or 
vers of a head in a Composite, such as, 
.a, the bracts forming a sort of envelope 
luty. The flowers of grasses are devoid 
try protection being the work of the very 
cts (these are called glumes). The calyx 
ork, as soon as the flowers open, and so it 
..... or later. If the sepals tall ofl 


The large persistent calyx in the flowers of mm » 

(The branch reduced and the fruit nat. size.) 

, the flower opens (as in Argemom mexicana), they 
when they fall some time after the 

(f ,L Sow, they « MM ««'• « *** 

U togoR tlienttey mnSUSt **JT, St 

i, „„t only peraistent, tat »lso grows w.tlr the tmt, 
infrequently on, elope, it. The bit ‘it 

f - — 
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Iii a calyx the sepals may be free, or they may be united. 
The sepals may be regular and all alike as in Tribulus and 
Gynandropsis, or they may be irregular as in Cassia, Ipomoea 
and Oassalpinia. 

The surface of the calyx may have various outgrowths in 
the form of hairs, scales and glands. In colour this part is 
green in most plants, although in a few cases they happen to 
have the colour of the petals ; and then the calyx is said to 
be petaloid. 

The corolla . — This is the most attractive and beautiful 
part of the flower and it is also the conspicuous part by 
reason of its colouration. We meet with greater variations 
in the corolla than in the calyx. The petals are either free, 
or united, as in the case of sepals. If the corolla is tubular 
and widened above as in Datura, it is said to be funnel-shaped. 
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margin of the petal in front of it and the edge 'behind is 
over-lapped by the front margin of the petal which lies behind 
it. All the petals are folded thus. This mode of folding is 
called c ontorted or twisted . In this method of folding 

there is regularity ; every petal 
has one of its edges covered 
f i \ ( 2 V and the other covering. In 

V / \ J some flowers this regularity is 

X disturbed by one or more petals 

getting fully in so that both 
the margins are inside. Then 
the mode is imbricate. There 
are several special cases of 
imbrication and one in which 
two petals have both their 
edges outside, two with both 
their margin inside and one 
with one margin in and the 
other out, as in the sepals of 
Ipomoea and Tribulus, is 
called q mrwimcial . 

The Stamens . — The stamens 
of a flower are also subject to 
considerable variation. The 
filaments of the stamens may 
be free as in Tribulus, or they may become united into one 
bundle, as in Hibiscus and Abutilon. When the filaments 
are united in one bundle the stamens are said to be ixamw- 
delphous j if they form two bundles as in Dolichos, then 
they are diadelphous. Occasionally we meet with stamens 
whose anthers alone are united, the filaments being free. In 
this case the anthers are said to be syngenesious. 

Usually the stamens have filaments, but in some cases they 
are reduced to anthers, as in Orchids and Aristolochia. In 
both these cases the anthers are attached directly to the pistil, 
and so the stamens are said to be gynmidrom . 

There is variation in stamens as regards number : they may 
be many ^Indefinite), as in the flowers of Argemone mexicana 
or a definite number may be present as in the flowers of 
Tribulus. The filaments of stamens may all be equal in 


Fig. 203. Aestivation of the 
floral leaves in the flower bud . 
1, valvate ; 2 and 6, contorted 
or twisted ; 3 and 5, imbricate ; 
4, quincuncial. 


175 



THE FLOWER 


length, or there may he variation even in this respect. For 
instance, in the flowersnf the Mustard and Radish plants there 
are six stamens, four with longer filaments and two with 
shorter ones. In this case they are said to be tetradytiamous . 
In some (lowers, as in the case of Justicia, Leucas and Stemodia, 
there are four stamens two being longer than the other two ; 
and in this case, the stamens are described as didynamous. 


Fig. 205 . 

Didynamous stamens, 


Fin. 

Tetradynamons v stamens, 


The stamens may spring directly from the receptacle as in 
Argemone and Tribulus, the ovary being superior ; or they 
may he attached to the corolla. In the former case the attach- 
ment being below the ovary, the stamens are described as 


Fid. 206 A, PerigynoUvS ; B, Hypogynous and C, Epigynous flowers. 


J vy po(/ y nous or inferio r , and in the case of the latter they are 
epipetafoiiH. We find in some flowers stamens springing, as it 
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were from the top of the ovary, as in Guava flowers. Then 
the stamens are said to he &)i(iiminis. In the pomegranate 
flower and in the rose flower the stamens are attached to the 
edge of the receptacle and round the ovary. So the stamens 
are said to h e perigy nous. 

The anthers are attached to the filaments in various ways. 
An anther attached to the top of the filament at its base is said 
to he bgsi fixed or innate . Examples for this are furnished by 
Cassia/ filament becomes prolonged behind the 

anthers, when the anther is described as adnata or chvsifixech 
In some rare instances as in grasses, the anther is attached to 
the top of the filament just at a point, so that it moves freely 
and then the anther is said to be versatile. The part of the 
filament to whichdhe anthers are attached is called the^cozt 
nedive. This part becomes very conspicuous in some plants 
by liecmning prolonged beyond the anthers, as in Anona, Ade- 
nanthera and Trichodesma. The prolongation may also have 
appendages as in the flowers of Nerium. (Bee fig. 209.) The 

close approximation or sepa- 
jl\ | ration of the lobes of an anther 

Lt \ j ' ff depends upon the development 
|j j i ! ff/ and growth of the connective. 

' 1 1 . j\ ,j ■ ' ■ f// When the connective is large 

il l 1 ■ i fm and well developed, the anther 

\ i I I \ iff/ lobes are far apart. Even with 

W mP If poorly developed connective 

|| A , the lobes of the anther remain 

s z 3 quite separate, and examples 

for this are afforded by Jus- 
Fig. 207. Stamens showing ^icia and Stemodia. In rare 
attachment of anthers. 1, . , * _ i 

v x A o „ . instances, as in Ocimum and 

innate or basifixed ; 2, adnate ’ 

or dorsifixed ; and 3, versatile. Salvia, the connective becomes 

prolonged into two arms, one 
of these arms remains very short and bears no anther lobe, 
whereas the other one is long and carries an anther lobe. 

The dehiscence of anthers is also varied. In most cases 
the anthers open by means of longitudinal slits. Instances 
for this are seen in Datura and Tribulus. They open by 
apical pores in Cassias and Solanums. There are also anthers 
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lids or valves. Anthers or ivianoma, 
of the plants belonging to the family 

lC e by a longitudinal slit the 

mis the pistil or the petals ; 

in the former case the anther 

is said to be introrse, i.e., 
inside, and in the latter 
extreme. 

As in the case of petals, 
we have in some cases out- 
growths from the stamens 
also. These are called sta m i- 
nal corona , We have already 
referred to the appendages of 
the connective. They may 
also arise from filaments as in 
Calotropis. 

the Pistil— We have now to deal 
with the innermost whorl, 
Sfe the pistil, or the female 

i I , part of the flower. In the 
3 Tribulus flower this part 

f consists of a five-celled 

ovary with a very short 
style terminating in a five- 
rayed stigma. 

Within the ovary there 
unTk are five rows of ovules one 

ftflrak in each cavity. These 

I WS a* rows are attached to a 
lf»J» central axis, and the place 
WjLjF of attachment of ovules is 

**fjp*\ t termed the T>] (te.c/i t(/. In 
\\ Tribulus the placentas are 

arranged around a central 
of the cou- • and this arrange- 

iuhferium, ^ calk . (l axile 

,theia an , _ As further 


opening by &peen 
Berberis and thos 
Lanrineie are of th 
In the case of 
face of the anther may 


LO. 208. Dehiscence of anthers. 
1, longitudinal ; 2, by apical 
pore ; 3, valvular. 
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examples for this kind of plaeentation, we may mention 
Ipomoea, Hibiscus and Aristolochia. 

In GynandropsispentapJiylla we have an ovary, single- 

celled, with a short style 
terminating in a conspicu- 
ous stigma. There are three 
or four placentas on the wall 
of the ovary, and so the 
plaeentation is said to be 
parietal . The ovary of 
Dolichos also has a single 
cavity, but with only one 
placenta. Instances of 
parietal plaeentation are 
found in Argemone, Cucur- 
bita, Modecca and lonidium. 
The ovules are also borne 
sometimes on an axis springing from the base of the ovary. 
This kind of plaeentation is termed free-central, because the 
central axis bearing the placentas is quite free and not 
connected with the wall of the ovary. In Portulaea and 
Polycarpsea, the plaeentation is of this kind. 

The ovary is considered to consist of a number of carpels 
and this corresponds with the number of the cavities in the 

ovary. . . ■ ' _ ■ 

An ovary consisting of only a single carpel, as in Dolichos, 
Crotalaria and other leguminous plants, is termed a mono 
carpellary or simple ovary ; in this case we find only one 
placenta. In Hibiscus, Tribulus and Aristolochia there are 
more than one, and so the ovaries in these cases are compound . 
The cavities in the ovary may or may not correspond with 
the number of carpels. For instance, in the ovary of Gynan- 
dropsis, Cucurbita and Portulaea we find only one cavity and 
yet, in all these cases, the ovary should be considered 
compound, because of the plurality of the placentas. 

All the carpels in an ovary may be united as in Tribulus, 
and then it is said to be syncarpous ; on the other hand if they 
are free as in Polyalthia (see fig. 242), it is apocarpous. 

For the sake of convenience in description, the part of the 
placenta bearing the ovules is called the ventral suture the 



Fig. 210. A transverse section of 
the ovary of Tribulus terrestris. 
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ids of plantation. A, D, pan® 
jentum ; 2, wall of the capsule ; 3 

lie styles are quite distinct ai 
, there are also flowers in whi 
e style in many cases beeoi 

free end, the branches corre 

i-pels. The stigma is situated 
on the top of the ovary . It m 
ranched, sometimes very nine 
We shall have to speak abp 
on with pollination. 
ly learnt that the flower sh 
at its free end ; and this e 
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termed the receptacle (also torus or thalamus by some authors) 
is subjected to some modification. It is in some flowers some- 
what swollen, as in Argeinone and Tribulus. In this case all 
the parts of the flower arise from the top of it, the ovary 
being superior, and the other parts below it ( Hypogyimus). As 
already pointed out, the ovary is inferior in Cephalandra and 
Crinum, but the other parts are superior ( Kpi(Hjnom);^ and this 
is due to the modification of the receptacle, this struc- 
ture instead of remaining convex becomes hollow, and encloses 



Fig. 212. The receptacle and its modifications. A, receptacle fused 
with the ovary, only at the base ; B, receptacle separate and 
prominent ; C. receptacle completely fused with the ovary. 

the ovary. The wall of the ovary becomes fused with the 
receptacle. Sometimes the receptacle becomes hollow, but 
remains open at the top, as in the flower of pomegranate. The 
calyx, corolla and the stamens spring from the prolonged edge 
of the thalamus ( Perigynaus). 
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CHAPTER XIII 


THE ESSENTIAL ORGANS AND THEIR 
FUNCTIONS. 

The main function of the flower is the production of seeds, 
and for the setting of the seeds two distinct processes are 
necessary. They are the transference of the pollen-grains 
from the anthers to the stigma (pollination), and a fusion of a 
bit of the protoplasm of the pollen-grain with a portion of the 
protoplasm within the ovule (fertilisation). A e know that 
the parts of the flower directly concerned in these processes 
are its essential organs, the stamens and the pistil. 

For the clear understanding of these two processes, a 
knowledge of the essential organs is necessary. The stamens 
are the parts intended to produce the pollen-grains. A stamen 
usually consists of a filament and an anther, but it is the 
anther alone that is of importance. The filament is only a 
stalk supporting the anther, and we have many instances in 
which the filaments are absent, the stamens being reduced to 
mere anthers. To study the structural details, the Stamens of 
Tribulus may be used, as it is typical of the anthers ot a good 
number of plants. A transverse section of this anther reveals 
two distinct lobes with two cavities in each, filled with pollen. 
But the lobes of an old anther present only a single cavity, as 
the two cavities get fused. The anther lobes are held together 
by the connective, which is traversed by a vascular bundle. 
The wall of the anther consists of two layers of cells, an outer 
layer or the epidermis and an inner layer in which the cells 
have special thickenings (and hence called fibrous cells). 1 his 
differentiation in the cells of the wall of the anther is intended 
to facilitate its dehiscence. The outer wall of the cells o 
the epidermis bulges slightly outwards and there is protoplasm 
within these cells. Until the maturity of the anther these 

cells remain in a turgid condition. The pollen grams a ve 

and until they are fully formed they 
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need protection. So the wall of the anther remains intact 

and does not burst, till the 
pollen is ripe enough for 
shedding. As long as the 
epidermal cells are turgid 
they exert pressure on the 
fibrous cells lying below the 
epidermis. As the anther ap- 
proaches maturity the epider- 
mal cells begin to lose water 
gradually. This means the 
gradual lessening of the pres- 
sure on the fibrous cells and, 
as soon as they are freed from 
it, they tend to expand and 
assume their natural size. 
The removal of compression 
on the fibrous cells leads to 
the curling of the anther wall. 
This, of course, causes the 
wall to break in some place 
where it is weak. 

The pollen-grain of TrUniliis terrestris is round and it is 
only a bit of protoplasm enclosed by a cell wall in which two 

distinct layers, an outer euti- 
nised and an inner cellulose 
layer, can be distinguished. 
The outer layer is thickened 
in a peculiar manner as 
shown in fig. 214. The 
inner layer is smooth and 
uniformly thick. There is a 
great deal of variation in 


Fig* 213. Structural details of 
the anther of Tribuhts te.rrestrk. 
0, connective ; A.W, an- 
ther wall ; P.S, pollen sac. 
The third figure is the anther 
wall highly magnified, F.c, 
fibrous cells; E.c, epidermal cell # 


Fig. 214. Pollen-grain of Tribu- 
lus very highly magnified. 


size and form, and the sculpturing of the outer layer in 
the case of the pollen-grains, according to the species of the 
plant. Those of very showy flowers are in many cases provided 
with spiny or other kinds of projections, or the outer layer 
may be sticky. In a few cases, we find some spots in the wall 
formed beforehand for the coming out of the pollen-tube. 
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Som e pollen-grains have special lids also, as in the case of 
Cucurbit®. . JULsi 


and Thespesia (highly magm- 
ation of the grain. 

ma is the part intended 
to catch the pollen- 
them to germinate, 
■ough due either to 
containing some sugar 
■e useful in 


015. Pollen-grains of Hibiscus 
fiedh Note the gerimni 


end of the style or the stigma 
of the pollen. It has 
and also to assist 
of the stigma is usually r 
dicky juice 

Both these conditions ai'' 
■rains on the stigma. 

becomes very much bi 
as in the case of grasses. 

that 1 


The free 

for the reception 
grains and retain them. 
The surface 
papillae or hairs, and a si 
is also secreted by it. 
retaining the pollen- . 

Sometimes the stigma 
is consequently plumose, 
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The sugary juice secreted by the stigma seems to be 
necessary to stimulate the pollen-grains to germinate. It is 
only when the stigma is receptive that we find the sugary 
juice, and if it is absent it is an indication that the stigma is 
not receptive. 

The ovule which develops into seed after fertilisation lies 
within the ovary. It does not develop into a seed unless a 



Pig. 217. Stigma of a grass plant. The first figure shows the whole 
of the pistil and the second shows the five branches of the stigma 
with pollen-grains germinating as seen under high power. P, 
pollen-grains. 

bit of protoplasm from the pollen-grain finds its way into the 
interior of the ovule and mixes with a definite part of the 
o vu le. When the ovule is fully formed and ready to receive the 
bit of protoplasm from the end of tlie pollen tube, it consists of 
a large cell, called the embryo-mc, amidst a mass of cells. This 
mass is covered, except at the top, by two membranes called the 
integuments. The opening at the top is called the micropyte , 
The embryo-sac at this stage possesses two groups of nuclei! 
one at the top and the other at the bottom. In each of these 
groups, there are three nuclei!. Of the three lying at the top 
of the sac close to the micropyle, one nucleus is slightly 
larger than the others, and this is called the egg -cell. The other 
two cells seem to be helpful in directing the contents of the 
pollen-tube to the embryo-sac. The three cells at the other 
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the formation of fetet . i . am pie large nucleus, 

HUC The' pollen-grain, deposited on 
tk e stigma, emits a tube and this 
comes to the top of the embryo-sac 

h^gltswaytlmou^^^ 

pohen-tabe we find two nucleii,and 

both of them get into them e 
the embryo-Bac mi ' uses ^ 
embvvo-cell and the other trth the 
secondary nnclens. This fasten ot 
the nucleii of the pollen-gram with 
those of the ovule is really the pro- 
cess of fertilisation. It is only afte 


)JL 

fusion that the egg-cell 


this fusion . 

capable of division and development 
into the young embryo plant that 
we find in the seed. The secondary 
nucleus divides and gives rise to the 
endosperm, after the fusion 

Now it is obvious, that, for the 
production of offsprings, the fusion 
of the male and female cells is 
essential even in the case of plants, 
as it- is in the case of animals. 

Further the offsprings are likely to 
ho better in quality when the sex 

cell, nailing wa«u-r phntt 

The pollen-grams of a good mans ot i to 

have no power of. 

depeiulu^nsome jxtemal^cnc^ ^ bisexual flowers, 
flowers. Kven m tm ^ poUin atioii. The transfer of 

extraneous aid is uece ^ of the same flower, as 

SI fr^ £ZL' of a different flower on the same 


Fro 218. A diagram to 
illustrate pollination and 
fertilisation. 1, nmer 
integument ; 2, outer 

integument ; 3, chalaza 
or base of the ovule; 
4 funiele : 5, wall of the 

ovary ; 6, pollen-tube. 

The ellipsoid . white 
space within the integu- 
ments is the embryo-sac. 


186 Manual op elementary rotanA 

plant, is called self-pollination. Pollination of the stigma of 
a flower with the pollen from flowers of a different plant 
is called cross-pollination. 

As a matter of fact, self-pollination occurs in several plants, 
especially annuals. In some cases flowers are self-pollinated 
regularly, and such flowers are usually small and inconspicuous 
without smell or honey. As examples for this, we may 
mention the Chenopodiums. We have also certain plants 
wherein self-pollination is made impossible in the earlier 
stages, but later, just before fading, this becomes possible. 
For instance, in the flowers of Hibiscus micrcmthus and 
Abutihn indiciim the style branches project a little above 
the anthers just when the flowers open, and so the pollen 
cannot reach the stigma. It is evident that pollen from a 




Fro. 219. Flower of Hibiscus micranthus. 

A, morning and B, evening positions, 
different flower has to be brought and deposited on the 
stigmas by some agency, either wind or insects. If the 
stigmas fail to receive foreign pollen, they bend down so as 
to come near the anthers in the same flower, to be at least self- 
pollinated. In both these flowers, the petals close and press 
on the style branches and thus assist them in coming near the 
anthers. In some flowers, as in E volvulus alsinoides , the 
style lies bent away from the anthers just, at first, but later 
it changes its position, so as to bring the stigma nearer the 
anthers to make self-pollination possible. 

The flowers of Mirabilis jalapa are also adapted for self- 
pollination, when cross-pollination fails to occur. These 
flowers open towards the evening and emit a very strong 
scent. Just then, both the stamens and the stigma are far 
exerted, the stigma alone projecting above the stamens. 
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Usually two species of moths visit these flowers and if they 
are not visited by any insect, the stigma manages to get self- 
pollinated either by the elongation of the stamens or by the 
slight bending of the style, so as to reach the anthers. 

The flowers of some Composite are specially interesting 
in that they have special adaptations in their floral mechanism 
to secure self-pollination, should cross-pollination fail to take 
place. For example, in the plant Tridax proeumbem, a weed 
found everywhere, the heads 
have bisexual flowers in the 
central portion of the disc 
and the ray flowers are all 
female. The stamens are 
epipetalous and the anthers 
are adherent, so as to form a 
tube. The style is bifid and 
the branches are pressed 
together, in such a manner 
that the receptive surfaces 
are in contact and so not 
exposed. At first, when the 
flowers are unopened, the 
style is short, but, as soon as 
the flowers begin to open, 
the anthers dehisce and 
the style elongates. Bo the 
pollen, lying in the anther tube, gets pushed out and 
remains at the top of the anther tube. The tip of the style 
may also carry a small amount of pollen, besides what may 
adhere to the hairs of the style branches on the outer surface. 
The style grows and after projecting a little above the anther 
tube, the branches separate and diverge, exposing the 
receptive surface. The stigmas thus exposed remain receptive 
for some time so that cross-pollination may occur. If the 
stigmas fail to receive pollen by insect visits, the style branches 
diverge still more and even curl round, so that the receptive 
surface may come in contact with the pollen adhering to the 
lower surface of the style branches, or with the pollen lying 
at the top of the anther tube. Self-pollination is thus ensured, 
if cross-pollination has not already taken place. 



Fig. 2*20. Floral mechanism of the 
flowers of Tridax procumhem. 



188 MANUAL OF ELEMENTARY BOTANY 

Instead of this makeshift arrangement to secure self- 
pollination, when cross-pollination is a matter of some 
difficulty, some plants produce two distinct sets of flowers, 
one adapted for cross-pollination and the other for self- 
pollination. In Gommelina benghcilensis we have a plant of 
this sort. The beautiful blue flowers are regularly cross- 
fertilised and the underground or low-lying inconspicuous 
flowers that remain as buds without opening are self-fertilised. 
These inconspicuous flowers are called cleisiogamms flowers. 

Charles Darwin, the great English naturalist, has proved by 
a series of experiments with different plants that cross- 
pollination is more advantageous to a plant than self-polli- 
nation. If we examine flowers of a number of wild plants 
growing in a place, we find in them numerous contrivances 
favouring cross-pollination to the exclusion of self-pollination. 
Recent workers in the field of plant-breeding have also 
established beyond doubt, that cross-pollination is not only 
more advantageous to the plant than self-pollination, but it 
also confers on plants certain racial advantages. 

A most perfect arrangement to ensure cross- pollination is 
to have the essential organs on separate flowers. We find a 
host of plants in which the flowers are unisexual. In some 
plants, as in Cucurbita and Ricinus, we find both male and 
female flowers on the same plant (monoecious), in others, as 
in Cephakmdra indica and in some palms, the male and female 
flowers are found on different plants and not on the same 
individual (dioecious). 

Bisexual flowers become adapted for cross-pollination to 
the exclusion of self-pollination, by having the essential organs 
active at different times. The stigmas may mature and 
become receptive prior to the anthers. In Cumbu spikes 
(Penmsetum typlmdmm J, the stigmas protrude from the 
s pikelets and become receptive, while the anthers are still 
within the glumes. Such flowers are called prutogynoux.) 
The female sexual organs in the protogynous flowers are ready 
for fertilisation long before the anthers are ripe in the same 
flower, and, therefore, the flowers have to be pollinated only 
by the pollen of older flowers. There are also plants wherein 
the stamens shed their pollen prior to the receptivity of 
the stigmas. The flowers are then termed protandroun. 
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Protandry seems to be more common than protogyny. 
Flowers of several Composite, Malvace® and Androporjon 
Sorghum are protandrous. Pollination in this case is effected 

by the pollen from younger flowers. . 

' In very many plants self-pollen is sterile, as m the case 
of many 'leguminous plants. The pollen in the flowers ot 
certain orchids is said to act as a poison, if it tails on the stigma 
of the same flower. There are also instances m which the 
pollen from the same flower fails to fertilise if foreign pollen 
falls on the stigma, soon after self-pollination. This means 
that foreign pollen is prepotent over self-pollen. 

Another very effective arrangement promoting cross- 
pollination exists in the flowers of several species of 
Jasminum. The corolla in all cases is tubular and the 
stamens are epipetalous. In some flowers the style is short 
reaching only half the length of the tube, whereas the 
anthers are at or near the throat of the corolla. On the same 
plant we also find flowers in which the style-S are longer and 
coming up to the throat of the corolla, while the stamens 
remain within the tube about Midway. 

In the case of land plants it is obvious that for cross- 
pollination some extraneous aid is necessary, because of the 
fixity in position of these plants and of the absence of spon- 
taneous movement on the part of the pollen-grains. The 
agents usually active in this work are wind and insects and, in 
rare cases, water. Plants depending upon insects for fertili- 
sation are very many and those pollinated by wind are not 

inconsiderable. . . 

When plants depend upon wind for pollination, the stig- 
mas have to wait for the pollen that may be wafted by the 
wind, and this is purely a matter of chance. Therefore, we 
should expect to find certain conditions specially favourable 
to this process in these plants. In the first place, large quan- 
tities of pollen should be available to ensure pollination. 
Winds may carry large quantities of pollen, but the pollen 
likely to fall on the stigmas can only be proportionately very 
inconsiderable. And, therefore, the floWers that are to be 
wind-pollinated should stand out far above the foliage leaves, 
so that the pollen may not be hindered from reaching 
the flowers. This is exactly what we find in the case of 
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windfertilised plants. For instance in grasses which are wind- 
pollinated the inflorescence rises far above the level of the 
foliage ; in the case of trees dependent on wind for pollina- 
tion, flowers appear, in most cases, at a time when the leaves 
have all fallen. As an example we may mention the tree, 
* Odina Wodier . 

The abundance of pollen is secured either by increase in 
the number of stamens in bisexual flowers, or by having a 
large number of male flowers. Sometimes the anthers 
become larger and produce plenty of pollen. To give a vivid 
idea of the abundance of pollen produced by this class of 
plants, we may mention the male spikes of Pandanus. A 
single plant is capable of producing a very large quantity of 
pollen. It has been computed by some American botanists 
that a moderate sized Zea Mays plant produces about 
50,000,000 pollen grains. The pollen produced by these 
plants should also be adapted for being carried by the wind. 
So these grains are smooth, light and dry. The anthers are 
in most cases versatile, an arrangement Best suited for the 
shaking out of the pollen very readily. 

The stigmas also have certain adaptations so as to enable 
them to catch the stray pollen floating in the air. They are 
branched and plumose, thus getting a large amount of surface. 
All grasses and sedges, some Amaranths, Rieinus, Pandanus 
and Odina are wind-pollinated. 

From this we see that wind-pollination involves the 
expenditure of a large amount of energy. As the pollen- 
grains are composed almost wholly of protoplasm, a material 
most difficult to manufacture, this enormous production of 
pollen-grains cannot but be a drain on the resources of the 
plant. But this is necessary for ensuring pollination. 

We have now to consider plants that are pollinated by 
insects. For successful cross-pollination flowers should be 
visited regularly and systematically by insects. Casual and 
erratic visits, or indiscriminateness in the choice of flowers for 
visits are not likely to be beneficial. Insects should have some 
inducement to visit the flowers. Flowers, as we know, 
produce pollen and honey, and both these substances are 
Sufficient inducements to attract the insects and also ensure 
their visits. By the mere secretion of honey in the flowers 
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the insects cannot be allured. To ensure their visits, it is 
absolutely necessary that the place where honey is secreted 
should be made known to them. The colours of flowers are 
meant to show them the place where honey may be obtained. 

The infinite variety in colour and form of the flowers, as 
well as the different scents, is intended to attract the insect: 
In many plants the petals or the corollas are large and 
coloured so as to be very conspicuous. If the flowers are 
small, they are rendered conspicuous by being massed to- 
gether. Sometimes instead of the petals, bracts play the same 
part, as in Bougainvillaea. Stamens also partake in this work, 
in Neptunia and Dichrostachys. There are also instances of 
flowers wherein the calyx becomes highly coloured, while the 
corolla is absent. The brightly coloured part in the flowers 
of Mirabilis and Boerhaavia is the calyx. Even when 
the petals are present the sepals become coloured like the 
petals, and we have such examples in Cassia and Caesalpinia, 

The colour and the scent of the flowers are no doubt quite 
sufficient to attract the atten- 
tion of the insects, but to 
ensure the regular visitation 
of insects this is not enough. 

Something more substantial 
should be offered to them to 
induce them to frequent the 
flowers very regularly. The 
pollen serves as food, or as 
material for building the 
hives for some insects such as 
the bees. Further, nectar or 
honey is also secreted in 
several flowers. Insects such 
as moths and butterflies live 
mostly on nectar. As both 
these substances, honey and 
pollen, serve as food for 
these insects, they come to 
the flowers. 

Insects that visit the 
flowers are bees, butterflies, 


Fig. 221, Butterfly sucking honey 
from the flower of Petunia. 
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moths, and flies. All these insects have sucking apparatus, 
which in the case of flies are short and in moths and butter- 
flies they are very long and coiled like a spring. Bees take 
in honey and also gather pollen ; moths, butterflies and flies 
drink only honey. As stated above, these insects visit the 
flowers, because they get food in the form of honey or pollen. 
Therefore, the secretion of nectar or honey is essential to 
ensure their visit. 

In the case of insect-pollinated flowers, pollen need not be 
abundant. So, in these flowers, stamens are generally fewer 
m number. Further, the grains have usually a rough surface 
which often also becomes sticky. Stigmas need not have; a 
large amount of surface as in the case of wind-pollinated 
flowers. The special adaptations in these flowers are so 
perfect that pollination is a certainty. 

The nectar or honev is secreted usually by a disc at the 

base of the ovary. 
There are also instan- 
ces of petals and 
sepals having nectaries 
either as glands, or as 
special pouches, sacs or 
spurs. The position 
of the nectary and the 
arrangement of the 
other parts of the 
flower are such as to 
make it impossible for 
the insects to ggj^t the 
honey, without at the 
same time effecting 
pollination. It must 
also be remembered that, if the visit of the insect is to be 
of use in pollination, it is absolutely necessary that the part 
of the body of the insect which comes in contact with the 
anthers should also come in contact with the stigma ; other- 
wise pollination will not take place. 

In flowers in which the corolla is regular and shallow any 
insect can get at the honey and effect pollination. For in- 
stance, in the Tributes flower there are honey glands at the 




Fig. 2*2*2. Head of Moth showing the 
length of the proboscis. 
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base of the stamens and between the petals ; the corolla is shal- 
low and the stamens stand erect and so any insect, a ’ 
butterflv or a fly can get at the honey. In trying to get at the 
honey the lower portion, or the sides of the insect must neces- 
sarily get dusted with the pollen, and as the stigma s also of 
the same height as the stamens it must also touch the same 
part of the body of the insect. 

Flowers having long tubular corollas like those of A mca 

and Jasminum, or papilionaceous corollas like those of 1 lia- 
seolus, Indigofera and Vigna are not meant to be visited by 
all kinds of insects. Only butterflies and bees are able to get 
at the honey and in their manoeuvres in search of honey they 
cannot help pollinating the flowers. Other insects cannot 
get at the honey and so they do not visit these flowers. 

Colour of the petals though intended to show off well 
contrast, is probably not capable of attracting insects as we 
as the scent of flowers and the smell of honey. The Mirab s 
flower affords an example in support of this statement. This 
flower is visited by one or two species of the hawk moths 
and there are several varieties of Mirabilis and m all of the 
the flowers open towards the evening and emit a strong scent. 
Some time after sunset the flowers that are white, light- 
yellow or cream-coloured alone can be seen and the magenta- 
coloured flowers cannot be seen. Yet the moth visits both 
the white and red flowers with equal ease. Insects cannot see 
the colour from a distance, their range of vision m this respect 
being limited to within a few feet. Again they are able to 
see some colours better than others. Bees are said to perceive 
•blues better than yellow. Scarlet does not seem to attract 
' • them. Manv of the insects visiting the flowers are usually 
f busy with onlv one kind of flower at a time. For instance 
| t he common Carpenter bee was seen while sucking honey from 
t^auhima tomentosa flowers. For over quarter of an hour it 
continued to hover about the same flowers, although there 
.iwerc several other flowers close by, that are usually visited by 
these bees. On another occasion this bee was thus visiting 
onlv the flowers of Dolichos Labial). 

Having considered the question of pollination m a genera 
way, we shall now deal with a few flowers in a more detailed 
manner The flowers of Papilionacea; are specially adapted 
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for cross-fertilisation* At the base of the ovary there is usu- 
ally a disc, which secretes plenty of honey. As the stamens 
are united by their filaments the honey finds its way into the 
staminal tube. Of the five petals, the standard is the chief 
attractive portion. It stands erect and is very conspicuous * 
in some cases besides being conspicuous it also bears some 
special marks which are supposed to serve as guides to the 
place where honey is secreted. The wing-petals invariably 
constitute a platform for the insects to alight and move about. 
The insect always sits on the wing-petals with its head 
directed towards the standard, whether there are special 'marks 
or not in it to direct the insect to the honey. Getting at the 
honey in these flowers is not at all an easy affair. It lies 
hidden at the base of the ovary and in the trough or cavity 
formed by the filaments. So it is only very intelligent 
insects that are likely to get at the honey. 

When an insect settles on the flower and moves about, 
either the stamens or the stigma come out and touch the body 
of the insect. In some cases, as in Crotalaria verrucosa and 
Tephrosia maxima , when insects alight on the wing-petals and 
move about, pollen-dust is ejected from the pointed tips of the 
keel-petals first and then the stigmas come out when the 
insects visit the flower later. 

In the flowers of Vigna Catiang the filaments of nine 
stamens are united, one stamen alone being free. At the base 
of the ovary and around it there is a disc secreting honey. 
The petals are all connected at the base by means of out- 
growths, dents and foldings in such a manner that the 
standard stands erect, the wing-petals spread themselves out 
horizontally so as to serve as a platform and the keel-petal 
remains below. The margins of the keel-petals are united, 
both above and below, except at the free end where there is a 
small opening just enough for the emergence of the stigma. 
When the wing-petals are pressed down, the keel gets 
depressed and the stigma pops out, and when the pressure is 
removed, it resumes its original position. In this flower the 
anthers shed their pollen, before the stigma becomes receptive. 
Although the stigma is close to the anthers, the pollen does 
not reach it, because of the hairs found on the style a little 
below it. Even if a few grains fall on it they will not 
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germinate, as the stigma is not receptive. When a bee or 
butterfly alights on the wing -petals the stigma comes out and 
brushes against the lower part of the body of the insect. If 
there is pollen already on the body of the insect the stigma 
gets pollinated. If on the other hand the visit is at a time 
when the anthers are dehiscing, the lower part of the body of 
the insect will be dusted with the pollen, and the same part 
of the body is sure to come h\ contact with the stigma when 
it goes to another flower. 

In the plant Indigofera enneapfvylla the floral mechanism 
is of a peculiar sort. In the flower the keel-petals have short 
spurs at their sides and they are intended to support the wing- 
petals and keep them in a horizontal position. A very slight 
pressure on the wing-petals is enough to depress the keel- 
petals and separate their upper margins. As soon as the keels 
get depressed, the stamens and the style seem to come up with 
a jerk and remain outside. The essential organs cannot regain 
their original position, because the petals fall off as soon as the 
flower has received a single visit. So in this case one single 
visit of the insect is enough for cross pollination. Instances 
of the same kind of explosive arrangement are afforded by 
the flowers of Ahrus precatorius and A lysicarpus rugosus. 

The flowers of Phaseolus are very interesting in their 
structure and behaviour. Like other 
papilionaceous flowers these also depend N \ 

on insects for pollination ; at any rate / \ 

the arrangement of the petals and the l J 

position of the essential organs are such 
that self-pollination cannot take place. " 

Tin? keel-petals are in this flower pro- 
longed into a beak and the beak is in the 

form of a spiral. The end of the spiral / 
in the flower of Phaseolus trilohus and ( 1 

P. Mango is towards the right, looked 
at from the front. The right keel-petal 
possesses a spur which supports the right 
wing-petal and helps it in retaining a 
horizontal position, so that it may serve 
as a platform for insects visiting this 
flower. There is a distinct passage between the right wing 


Fjo. 223, The floral 
mechanism . of 
Phaseolus trilohus. 
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petal and the end of the keel-spiral, leading to the base of the 
standard where the honey is found. The left wing-petal lies 
higher than the right over the keel on the left side. An 
insect can get the honey only from the right side. On the 
left side the wing-petal, the keel and the standard are all close 
together and there is no opening. An insect coming to this 
flower for the sake of honey will, of course, alight on the 
lower wing-petal on the right hand side. As soon as it 
alights on the wing and begins to search for honey there 
will be some pressure exerted on the wing-petal. The keel 
will also be depressed on account of the spur which supports 
he wing-petal. Then the stigma Will come out through the 
opening at the end of the keel-spiral which lies Just above 

the wing-petal which rests on the spur of the keel on the 

light side. Inasmuch as the insect is on the platform, the 
stigma touches the back part of its body. If the stigma is 
receptive and if the back of the insect’s body IsXVy 
dusted with pollen, pollination takes place. If on the other 
hand the insect visits a flower for the first time to start with 
it will get dusted with the pollen, and the next flower visited 
will have its stigma pollinated. 

'adiSTST md L ' linma the coroIlais bilabiate 
and the stamens are epipetalous and didynamous. The 

stamens and the style are enclosed within the upper lip of the 

corolla. Honey is secreted at the base of the ovary and when 

the insect alights on the lower lip of the corolla to suck the 

honey, the stamens and the stigma are released from the 

upper hood of the corolla. As both the anthers and the 

nir.Tf r d °™ a f ds they m touch the back ° f the 

insect , if the insect is already dusted with the pollen then 
the stigma will be pollinated, and in case the visit is for the 
fiist time the back of the insect gets dusted with pollen. 

e flowei ' s of Acanthacese have also special devices for - 
pol mation. In many plants of this family the stamens lie 
within the corolla m such a way that they cannot help coming 
n contact with the back of the insect when it sucks 

visited" bf butteT 1 ’ in °° ns,,icnoufl flowers regular^- 
ated bj buttei flies. On one occasion in the month of 

October while engaged in collecting plants, the tinv flowers of 

Jv,t,aa prvmmhem were constantly visited by the smidf 
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pretty violet butterfly, Zizera lysimon. At first the flowers 
of Justicia procumbem were not noticed : this small butter- 
fly was seen hovering about and settling on this plant. On 
close inspection it was found to suck honey from the tiny 
flowers of the Justicia. These plants were not at all 
numerous and there were stray plants scattered all over the 
place. The violet butterfly continued to visit these flowers 
persistently for over twenty minutes. The insect proved a 
most satisfactory guide to lead to the places where this 
species of Justicia was growing. Similarly another butterfly » 
a white one with a red border on the front wings, was seen 
visiting the flowers of Spermacoce hispida with great assiduity. 
The flowers of Tephrosia purpurea were visited by a butterfly 
with golden yellow wings. The flowers of Tridax were 
watched to see what insects visit them for honey and pollen. 
Seven different species . of insects were found visiting these 
flowers and they were Zizera lysimon, Colotis amata, Catop- 
sila pyranthe, Terias hecabe, Parnara mathias and Ceratina 
viridissima. 

There are flowers that are exclusively pollinated by the 
visits of flies. The flowers of Aristolochia and Aroidese are 
of this kind. A very foetid odour is usually emitted by some 
of the Aristolochias and in one species the smell is so strong 
as to attract flies from very long distances (fifty to hundred 
yards or more). In this flower the anthers are situated on the 
style below the stigma and they dehisce after the withering of 
the stigma. Inside the, tubular perianth, when it opens there are 
found a number of hairs all directed inwards. . (See fig. 194.) 
The flies get into the perianth tube easily. But they cannot 
get out of it with the same ease, on account of the hairs. This 
flower is protogynous and therefore it has to be pollinated by 
pollen from some other flower older than itself. When the 
flies get inside the flower they pollinate the stigma if they 
have already visited other flowers ; if on the other hand the 
visit of the insect is its first visit, it gets dusted with the 
pollen. When the flies get into the flower, the anthers are 
usually immature and the flies cannot get out of the flower, 
until the anthers dehisce, because' the hairs dry only then. 
Until that time the flies will be wandering all over inside, in 
search of a way to escape ; and in their wanderings they 
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get dusted with pollen. By the time the pollen is liberated 
the hairs disappear and the stigmas fade, and the way 
becomes clear for the flies to escape. 

The inflorescence of Aroids are particularly interesting on 
account of the arrangements existing in it for pollination. 
The spadix bears the unisexual flowers at its lower portion 
only, those at the very base being female and those above male. 
( Bee fig. 175.) Above or between these are a number of reduced 
flowers in the form, of hairs directed downwards. The whole 
inflorescence is covered by a large spathe, the lower part of 
which forms a tube constricted a little above the region of 
anthers, or the hairs, whilst the upper portion is expanded 


Tig. 224. The essential organs of the flower of Eulophia virens. a , 
sac ; A, style ; c, anther ; d, pollinia (shown separately) ; d, stigma, 

exposing the-, upper free end of the spadix. Small flies 
attracted by the bad smell emitted by the flowers and also by 
the spathe, crawl down into the tubular part of the spathe. 
Once they are in, they cannot easily get out from the tubular 
part, because the neutral flowers are all directed downwards 
and, the. spathe is constricted just above these flowers, or the 
anthers.: The flowers are protogynous • as in the .case ^ of 
Aristolochia, and so .the insect pollinates the stigma, if it. 
bears pollen .from another plant, If. the flower -happens to 
be the- first one that is visited by the insect, the insect is 
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forced to stay within the spathe until the way is open for it 
to escape. The withering of the downward directed hairs 
and the dehiscence of the anthers take place together and 
therefore the flies escape with a coating of pollen. They 
canilot avoid this as the anthers are at the top of the inflo- 
rescence just at the level of the constriction or a little below it. 

In the flowers of orchids we have a, most perfect 
mechanism for securing cross-pollination although it is very 
complicated. As examples we shall select two species of 
orchids commonly met with in the plains. The orchid 
Eulophia virens grows amidst scrubs and its flowers are 
greenish with red streaks. There are three sepals and three 
petals ; the sepals are all alike, but one of the petals, the one 
lying on the lower side of the flower when it is open, is 
modified, and it is called the lip. In this flower the lip is 
slightly saccate at its back and the free front part is broad 
and in the flower it stands out as a platform for the insects 
to sit on. The short shallow sac secretes honey and the 
flowers are visited by butterflies. The anther is single and 
it is on the top of a column rising from the top of the 
ovary. (See fig. 224.) The pollen in this and all orchids 
is collected in masses called pollinia , and in this flower 
there are two such masses in the anther. Just below the' 
anther there is a disc-like gland to which the two pollen 
masses are attached by means of strap-shaped stalks. 
The anther in the open flower lies just above the opening 
leading into the honey-sac. When the butterfly sucks honey 
the pollen masses stick on to its head, and so the insect carries 
away with it the pollen masses. The next flower that is 
visited by this insect is pollinated by the pollen masses 
sticking on to its head. The stigma lies just below the anther 
on the front side of the column. When the insect rushes into 
the flower to suck honey the pollinia cannot help touching 
the stigma because the pollinia assume a direction which will 
coincide more or less, with the- position of the stigma. 

In Habenaria we have another very common orchid of the 
plains. The flowers in this orchid are all pure white and the 
raceme springs from the middle of two or three elliptic 
leaves lying flat on the ground. They- are very conspicuous 
by reason of the racemes. Both in the morning just before 
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sunrise and in the evenings the flowers are visited by moths. 
The lip is prominent below and it is prolonged at the back into 
a very distinct spur varying in length from quarter of an inch 
to one inch. The two lateral petals and the sepal lying above 
are united so as to form a hood. There is a narrow passage 
leading into the interior of the flower and the anther 
is situated on a column just above the passage leading into 
the spur. The pollinia have long stalks and the basal 
portions of the stalk protrude a little. When the moth gets 
in, the two pollinia stick on to the two eyes of the insect and 
when it flies to another flower the pollinia are rubbed against 
the stigma lying below the anthers and the masses adhere to 
the stigma as its surface is very sticky. 



Fig. 225. The floral parts in Hahenaria .platyghylla. S, sepal ; P, 
petal ; l, lip or labellum ; SP, spur ; a, anther ; b , ovary ; e 
stigma ; St, staminode. 

In Calotropis gigantea (as also in all Asclepiadese), the 
pollen grains are held together in masses and there are ten 
pollinia. When an insect settles down on the top of the 
staminal column in the centre of the flower .and moves about 
round the stigma, the pollinia adhere to -the legs of the insects. 
When it flies do another flower the pollinium gets on to the 
stigma- to which it will stick if it is receptive. 
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Tliere are many plants whose flowers are usually 
pollinated by moths. As moths move about only during 
the night or in the dusk, these flowers have: white corollas, 
open in the dusk and also emit a strong scent at this time. 
The flowers need not be irregular as a platform is not needed, 
because moths do not alight and they only hover in front of 
the flower. We may mention as examples Ipomoea, Tobacco, 
Mirabilis and Jasminum. In these flowers, the anthers are 
generally loose and are well adapted to shed pollen on to the 
body of a hovering moth. The hawk moths, Hersti Convolvuli 
and CepJionodes picas visit the flowers of many of the large 
flowered Ipomoeas and the flowers of Mirabilis jalapa. The 
former is a very constant visitor, but the other one comes 
very rarely and it is extremely active and so rapid in its 
movements that it is impossible even to see it. 

We have also plants that depend on water for pollination 
and they are all aquatic plants. The commoil water plant, 
Yallisneria may be selected as a type of plants fertilised by 
the agency of water. The flowers of this plant are unisexual 
and the plants are dioecious. Both the staminate and the 
pistillate flowers develop under water, and so, unless there is 
some special adaptation, fertilisation cannot take place. The 
male flowers are borne on short stalks almost at the base of 
the plant. At the time of flowering, or when the flowering 
season approaches, these get separated from their stalks and 
rise to the surface of water to float there. Simultaneously, the 
female flowers lying under water with spirally coiled stalks 
come up to the surface, in consequence of the uncoiling and 
growth of the stalk. The male flowers are most numerous 
and they float amongst the female flowers. The anthers open 
and the pollen is shed on the stigmas. In the case of flowers 
that are hermaphrodite, the flowers are raised above the water 
level, as in Nymphsea, so that they might be pollinated either 
by insects or by wind. It is only when flowers are unisexual 
and also submerged, pollination is effected by water currents. 
In all plants that are pollinated by currents of water the 
pollen grains are smooth, and pollination also is not a matter 
of certainty. So in these cases there is an abundance of 
pollen. During hot weather when water is low in ponds and 
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portion in the fruit of Anaeardiimi (Cashew-nut) is only the 
flower-stalk. (See tig. 23 h.) Even the floral axis of an in- 
florescence and the perianth are influenced so as to develop 
into fleshy structures and form an integral part of the fruit. 
We observe such changes in the fruits of Artocarpus and the 
Pine-apple (Ananas sativus). All these changes, occurring in 
parts, other than the pericarp, are not without significance ; 
these changes are highly beneficial to the seeds, because they 
are helpful in protecting and dispersing them. 

From all these considerations it is obvious that it is not an 
easy matter to define a fruit so as to include all kinds. For 
the sake of convenience and clearness, however, we define a 
fruit as a ripened ovary enclosing seeds instead of ovules. A 
fruit proper consists of only seeds and the pericarp ; if other 
parts are found associated with the fruits we call them false 
fruits , accessory fruits or “ reinforced fruits 

A fruit grows, becomes fleshy and may remain so until it 
leaves the parent plant, as in the case of the fruits of Mango, 
G-uava, Brinjal and Tomatoes. In some cases it gets dry before 

leaving the plant, as is seen in 
Abutilon, Tridax and Castor. 
So it is customary to speak of 
fruits as fleshy and dry. The 
division of fruits into dry and 
fleshy fruits is purely artificial, 
and it is a matter of conveni- 
ence. A fleshy fruit, dropping 
from one species of tree, and a 
dry one, detaching itself from 
another species of plant, are not strictly comparable, because 
they do not represent the same stage of development but 
belong to two different stages. A dry fruit long before it 
begins to dry (i.e., when it is fleshy) and a fleshy fruit are 
comparable, as then both of them are in the same stage. 

The necessity for some kind of classification of fruits 
arises, because there are so many different forms of fruits. 
The time-honoured division of fruits into dry and succulent 
kinds is as good as any other and so we shall deal with them. 

- Fleshy fruits. — We shall begin with the fleshy or succulent 
fruits ; examples of fleshy fruits are furnished by such fruits 



Fig 228. Berry of Solanum. 
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as the Brinjal, Grapes, Mango, Gourds and the Cucumbers. In 
all these fruits the pericarp is succulent and, except in the 
case of Mango, it is so throughout. But in the Mango the 
inner part of the pericarp is hard and stony. So we have to 
differentiate the fleshy fruits from one another and group 
them into distinct classes according to the nature of the fleshy 
pericarp. Fruits like Grapes or the Brinjal or Tomatoes, with 
pericarps that are fleshy right through their thickness, are called 
berries. We have in the Plantain, the Pomegranate, and the 
Guava berries. All these berries contain many seeds and they 
are fruits that do not open for setting the seeds at liberty. 
Seeds are allowed to get out by the gradual rotting of the 
pericarp or the fleshy pericarp may dry and then decay little 
by little thus setting them free. We have some berries, 
however, that dehisce, in Melons and Cucumbers ; we have 
also berries with single seeds and, as an example, we may 
mention the date fruit. 



Fig. 229. Drupe of Mangif era. 1, epicarp ; 

2, mesocarp ; 3, endocarp ; 4, seed. 

There are fleshy fruits in which the pericarp is fleshy 
only outside, the inner part being hard and stony, as in the 
case of the Mango fruit. A fruit having this sort of modifi- 
cation in its pericarp is termed a drupe . In this type of the 
fleshy fruit the pericarp consists of three distinct layers, the 
outer surface skin (epicarp), the fleshy middle portion 
( mesocarp) and the innermost hard stony paid (end-oca rp ) . 
Typical examples of drupes are furnished by the Coconut, 
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Almond and Zizyphus. The mesocarp in the ease of the 
Coconut is fibrous, but in the others it is fleshy ; further, 
there is only one seed in the Coconut and the Almond, 
which is usually the' ease in most drupes, whereas in the 
third there are more seeds than one. There are instances 
in which the endocarp of a drupe, instead of forming one 
vtsk hard case for all the seeds as 

* n Zizypiuis, becomes divided 
* nto as man T separate pieces 
there are seeds. This is 
V^BP-^[ the case in the fruits of several 

Verbenaceous plants. Then, to 
differentiate such fruits from 
the drupes proper, they are 
m called pyrenes. 

Even in the case of berries 
Fig. 230. Tome or fruit of a we may speak of special 

I^the pericarp.^ rece P tacle ! varieties of berries. When 

the ovary is immersed in the 
hollow receptacle, the fruit that develops from it is called a 
pome . In these fruits the edible succulent portion is the hol- 
low enlarged receptacle, and the 
parchment-like core enclosing 
the seeds is the pericarp. The 
® Gourds and the Pumpkins have 

a thick epicarp and the 
placentas are parietal. This 
kind of fruit is called a 
])ep0m ® ome ^ mes tlie pericarp 
happens to be leathery, as in 
lIHffliifftff limes and oranges, the fleshy 
part being hairs growing from 
inside the pericarp. These 
fruits are called hesper id turns. 

Dry fruits . — Dry fruits 

have no food material in their 
pericarps when they leave the 
parent plant. These fruits 
generally open to liberate the seeds, if they contain numerous 
seeds. Some amongst the manv-seeded dw fruits. ir>«Lwi 


Fig. 231, The Cashew-nut 
fruit,' 
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Fig 232. Achenes 
of Ranunculus. 


of bursting open, break into separate pieces, each piece 
corresponding to a carpel. Most of the single-seeded dry 
fruits do not open, and the 
seeds are set free by the decay 
of the pericarp. So we have 
both dehiscent and indehiscent 
dry fruits. 

The fruits of Composite and 
grasses do not open, and so 
they are indehiscent dry fruits. 

In the fruits of Composite, 
the pericarp is thin and dry, 
and encloses only one loose 
seed. Such fruits are called 
achenes . Sometimes the indi- 
vidual carpels of an apocarpous 
ovary develop into single seeded 
indehiscent bits, as in Ranunculus, Clematis and Naravelia 
These also must be called achenes. Sometimes an achene- 
like indehiscent fruit possesse s 
a wing, and, then it is called a 
samara. The fruits of Hard - 
wichia hinata , Ailanthus 
excelsa , Holoptelea integrifolia , 
and Pterolohium indicum are 
samaras. The grains of grasses 
and cereal plants look like seeds, 
but they are fruits in which the 
pericarp and the seed-coats 
have fused into one membrane 
and, therefore, the fruit looks 
like a seed. This kind of fruit 
is called a caryopsis . 

There are some fruits with many seeds that divide into 
as many parts as there are carpels. For example the fruits 
of Sida, Pavonia, Leucas, Heliotropium and Castor break into 
as many pieces as there are carpels. Such fruits are termed 
sckizocarps. Each single segment is called a coccus and these 
in most cases contain a single seed. Again, these segments 
may remain indehiscent, or they may open to let the seeds out, 



Fig. 231 


Samara of 
Hardwickia. 



Fig. 235. Follicle of an Asclepiad. 

Fruits of Crotalaria, Dolichos, Canavalia, Indigofera and 
Tephrosia are monocarpellary fruits, dehiscing along both the 
margins and they are called legumes. In some plants the 
legumes without opening by the sutures break into separate 
pieces, each one consisting of a bit of the pericarp enclosing 
a single seed. Such fruits are seen in some species of Des- 
modium and Mimosa, and they are termed lomentum. 

When a dry fruit is the result of the development of a 
syncarpous gymeceum consisting of two oy more carpels, and 


Fig. 284. Schizocarps of Pavonia zeylanica. 1, entire fruit ; 2, fruit 
breaking, into its component segments ; 8, a segment or coccus. 


of free carpels, and each of them, opens along one margin, 
the one which bears the seeds (ventral suture). These fruits 
are called follicles . 


Next we have to deal with dehiscent fruits. The fruits 
of Calotropis, Yinca, Dregea, Wriglitia and Sterculia consist 
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at the same time if it liberates the seeds by dehiscence, it is 
called a capsule. This kind of fruit opens in various ways. 
For example those of lonidium and Impatiens open by means 
of valves. The dehiscence in this case takes place longitudi- 
nally from the top to the bottom of the fruit, the pericarp 
breaking into distinct valves. This longitudinal dehiscence 
is sometimes partial, extending only to a small distance at 
the top of the fruit, as in Argernone meximna . Amongst 



Fig. 236. Legume. Fig. 237. Lomentum. 

capsules there is variation as regards the cavities they contain. 
In lonidium and Argernone there is but one cavity ; but in 
the fruits of Hibiscus, Cotton, Corchorus and Aristolochia 
the locules are more than one. In the case of these fruits 
also the opening of the pericarp is longitudinal, but the 
position of the slit varies. Generally the slit appears in 
the pericarp along the dorsal sutures between the walls of 
division of the carpels, so as to expose the seeds. This kind 
of dehiscence is called locuMcidal , and the fruits of Hibiscus, 
Cotton and Corchorus are capsules opening in this manner. 
Occasionally we come across fruits in which the slits appear 
along the lines of the junction of the carpels, i.e., through 
the septa or partition walls. In this ease the seeds are not 
1-4 . ■ ' 
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exposed, until another opening takes place. This mode of 
dehiscence is well seen in the capsules of Aristo lochia, and 


Fig-. 288. Loculicidal (1) and Septicidal (2) dehiscence. 

the dehiscence is said to be septicidal . The separation of the 
fruit into cocci in the case of schizocarps is the result of 
septicidal dehiscence. Sometimes, though rare, the pericarp 
breaks away from the septum just where it joins the partition 
wall leaving the septa as a column in the centre. This 
dehiscence is termed septifragal and it may be observed in 
the fruits of Datura. There are also fruits that dehisce 
transversely, the upper part of the capsule then coming off 
as a lid. The fruit then goes by the name of pyxis . The 
fruits of Portulaca and Trianthema are of this kind. 



Fig. 289. Septifragal dehiscence. 1, septieidally and 
2, loculicidally 


A fruit resulting from the development of a single mono- 
carpellary pistil or from a syncarpous polycarpellary ovary is 
a simple fruit. If the carpels in a fruit are cpiite free it is 
called an aggregate fruit. 

The fruits of Polyalthia are aggregate fruits consisting of 
berries. In Clematis, Ranunculus and Naravelia the separate 
carpels are aehenes ; and the aggregate fruit of Michelia 
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consists of free follicles. The Raspberry affords an example 
of aggregate fruit with drupelets . 

As already pointed out in the earlier part of this chapter 
false fruits result from the fleshy development of the whole 



of the inflorescence. The Jack fruit and the Pine-apple are 
really spike-like inflorescences in which the stalks or axes, as 
well as the flowers, have become fleshy. The edible “ flakes ” 
in the Jack fruit are really flowers consisting of only perianth 
and the pistil. The succulent fleshy part is the perianth 
and the membranous bag enclosing the seed is the pericarp. 
From one side of the pericarp rises the style. These changes 
in the Pine-apple are still more 
marked. The polygonal areas 
seen externally in the case of 
the Pine-apple correspond to 
the flowers. The bracts and 
the withered remains of the 
other parts of the flower are 
often visible. But the lower 
parts of the flowers become 
fleshy and fuse with the axis. Fro. 242. Aggregate fruit of 
The fruit of the Banyan Polyalthia, 

affords another example of the 
14-4 
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inflorescence becoming a fruit. The succulent edible portion 
of the so-called fig-fruit is the hollow receptacle bearing male 



Fig. 243. Aggregate fruit of Nava celia zeylanica . 


female and gall flowers. The so-called seeds are really so 
many achenes. All the species of the genus Ficus bear this 
kind of fruit and it is called syconium or fig . 



Fig. 244, The Jack fruit and its parts. 1, male spike ; 2, male 
flowers ; 3, female flowers ; 4, young fruits in spike ; 5, young 
fruit with its fleshy perianth, 
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We have already dealt with, the structural details of a few 
seeds. We know that a seed is after all a young plant 
wrapped up in the seed-coat and that flowering plants usu- 
ally reproduce themselves by means of seeds. As the embryo 
within the seed remains dormant until the time of germina- 
tion, we may say that the life of a flowering plant is divided 
into two periods one short and the other long. The period 



Fig. 245. Syconium or Fig. 1, female flower ; 2, male flower ; 

3, L. sections of a Fig. 

of life spent as embryo is relatively short, and until it is 
allowed to begin the longer course of its life, it needs protec- 
tion. The seed-coats and the pericarp serve the purpose of 
protection, and they are also helpful in the matter of 
dispersal. 

Before dealing with The subject of dispersal of fruits 
and seeds we shall refer to the structure of seeds once 
more. The essential parts of a seed are the embryo 
and the enveloping seed-coats ; and in most cases we 
do not find any other part. The embryo itself consists 
of the primary axis and the cotyledons which usually 
contain the food reserve. Such seeds are called non-endo- 
spermic seeds. In seeds of some plants the reserve material 
remains outside the embryo, hut within the embryo-sac. 
This reserve stuff is called endosperm and, therefore, seeds 
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Having endosperm are called endospermic seeds. In the 
ease of the non-endospermic seeds all the food material is 
absorbed and stored up in the cotyledons as the seed ripens. 

In some genera of Leguminosas even in the fully 
matured seeds, a small quantity of endosperm is seen to 
persist, thus forming a link as it were between the endo-and 
non-endospermic seeds, whereas in the endospermic seeds the 
reserve material is not transported into the cotyledons, and 
it is gradually absorbed only during germination. The fact 
that the reserve material is transferred from the endosperm 
into the cotyledons becomes obvious if we examine the 
seeds of several legumes in the course of development. In 
partially developed seeds of Cassia, Dolichos, Crotalaria, etc., 
we find the cotyledons embedded in a fleshy mass which is 
massive in very young seeds and it gradually decreases and 
the cotyledons increase in proportion. The nucellus of the 
ovules that are destined to become endospermic or non- 
endospermic seeds is absorbed gradually and when the 
embryo is fully formed nothing of the nucellus is left. 

But there are some plants 
in which a portion of the 
nucellus persists and remains 
as a portion of the seed. For 
instance in the seed of the 
pepper fruit the small em- 
bryo is surrounded by a small 
quantity of endosperm, and 
the hulk of the seed consists 
of something lying outside 
the embryo-sac, though inside 
the seed-coats. This stuff 
lying outside the embrya~sac 
is termed perisperm. Many 
plants of the order Piperaceae and some Nymphaeas have seeds 
with perisperm. In the case of Canna also the seeds contain 
perisperm. 

The seed-coats are in most seeds smooth and there is 
considerable variation in their colour. Besides this we find 
outgrowths on the testa, either in the form of wings or hairs. 
In the seeds of Asclepiads and some Apoeynes there is a tuft 



Fig. 246. Piper fruit. 1, endos- 
perm ; 2, perisperm ; 3, 

pericarp. 
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of hairs at one end of the seeds, and in some even at both 
ends. There are also seeds whose testas are fully covered 
with hairs, as in Cotton, Hibiscus mdcranthus , Eriodendron 
cmfractuosum and CocMosperwum G-ossypium . 



Fig. 247. Comose seeds. A, Alstonia seed : B, Calotropis seed. 


Fleshy or membranous outgrowths from the funicle or 
the micropyle are found in several seeds, and these out- 
growths are called caruncle , strophiole or aril , according to 



Fig. 248. Strophiole of Polygala seeds. 1, seed of 
P. chinensis ; 2, seed of P. elongata. 


their origin and size. We have such appendages in Castor, 
Polygala, Nymphaea, Modecca, Pithecolobium dulce and 
Myristica frag cans. 
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All seeds possessing two cotyledons are called dicotyle- 
donous seeds, and those with a single cotyledon as typified 

by the caryopsis and the Date 
seed are monocotyledonous 
seeds. All monocotyledonous 
seeds are endosperrnic. In all 
endospermie seeds, whether 
dicotyledonous or monocotyle- 
donous, the embryo is much 
less developed than it is in 
non-endospermic seeds. 

For example, the embryo in the Date seed is a very 
ininute body, found on one side of the stone in a small pit. 
The stony part is the endosperm. 


Fig. 250. Aril in Pithecolobuun dulce* Fig. 251. Aril of Myristica. 

For the sake of clearness and convenience we may classify 
the seeds somewhat as follows : — 

A. — Monocotyledmms seeds (seeds with a single 

cotyledon). 

All monocotyledonous seeds are endospermie and 
the cotyledon never comes out. 

B. — Dicotyledonous seeds (seeds with two cotyle- 

dons). 

(a) Non-endospenniG — the seed consists of the pri- 

mary axis, the cotyledons and the seed-coats. 

( b ) Endospermie — the seed consists of the primary 

axis with the cotyledons, endosperm and the 
seed-coats. 

(6*) Perispermie — the seed consists of the embryo 
endosperm and also perisperm. This kind of 
seed is rather rare. 

0 . — Fruits that look like seeds — 





PRTOT and sued 


21 ? 


There are many plants whose fruits look like seeds, and 
ordinarily they pass for seeds. The caryopsis of cereals and 
the achenes of Compositse pass for seeds. But a close exami- 
nation of these 44 seeds ” will reveal the fact that they are 
really fruits and not seeds. Seeds as a general rule never 
appear naked and are never exposed at any stage, except by 
the bursting open of the pericarp. Further, the seeds are 
always attached by their stalk, and, therefore, there will be 
only a single mark of detachment or scar. Fruits, on the 
other hand, have two scars, one, the point at which it was 
attached to the receptacle, and the other, the style scar. 
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CHAPTER XV> 

FRUIT AND SEED DISPERSAL. 

A flowering plant brings into existence seeds by a con- 
siderable expenditure of material manufactured by it. Mere 
production of seeds counts for nothing, unless they are given 
Chance to get themselves established in suitable localities. It 
is a matter of common observation that most plants produce 
seeds far more than what can reasonably be expected to germi- 
nate and grow. If the seeds of a plant were to fall 
below it or even in its proximity, there is sure to be an 
intense struggle as soon as they all germinate. On account 
of the, overcrowding, a very large number of the seedlings are 
not likely to get enough food and air, and all but the very 
strongest would ultimately die. The struggle in this case 
is very severe, because all the individuals are alike in their 
mode of growth and all need, more or less, the same kind of 
food. Even the few sturdy seedlings that survive the 
struggle cannot he expected to do well, because the soil and 
other conditions are not likely to be very favourable. If the 
plants are to grow strong and become sturdy, it is essential 
that each seed should find a place where it will have plenty 
of room to grow, besides sufficient air and sunshine. This is 
possible only if the seeds are scattered far and wide. A seed, 
in order to have the best chance to grow, must find a place far 
removed from its fellows. If it is able to do this, its chances 
of growing to maturity are very great, and the continuance of 
the species is also thereby ensured. 

The distribution of seeds is essential for the proper devel- 
opment of the individual plants, as well as for the mainten- 
ance of the species. Flowering plants are rooted to the soil 
and are unable to move. Yet we see plants of the same 
species growing far and wide and some species are found 
distributed all over the world. This is undoubtedly due to 
the wide distribution of the seeds of plants, and for dispersal 
the seed stage of the plant is best suited ; the embryo lies 
dormant, and its vitality being suspended it can withstand 
changes in its environment. 
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As already mentioned, plants are capable of producing 
seeds in large numbers. In spite of the prolificity of most 
plants in the matter of seed production, in nature we do not 
see any one species developing and occupying considerable 
areas to the exclusion of others, except under very special 
conditions. Even plants producing a small number of seeds 
would occupy a very large portion of the earth in a few 
years if all the seeds produced in successive generations 
were to grow successfully into plants after germination. The 
great naturalist Linnaeus has made out by calculation that a 
plant producing only two seeds in a year will number over a 
million in twenty years, if all the seeds that are produced in 
every successive generation are capable of growth. This 
estimate is very low and does not give us an adequate idea of 
the rapidity with which a species is able to spread. Ordi- 
narily plants produce a very large number of seeds. A 
Tobacco plant for instance produces from 300,000 to 350,000 
seeds ; Argemone m ex I can a from 20,000 to 25,000 seeds. 
According to Kerner if a Henbane plant producing on the 
average 10,000 seeds a year were allowed to grow undisturbed 
and, if all the seeds produced each year, is capable of full 
development, the whole of the dry land would be occupied 
at the end of five years. Another plant Sisymbrium which 
produces 730,000 seeds a year would occupy an area 2,000 
times as great as the surface of the dry land in the course of 
three years. 

Considering the risks to which the seedlings are exposed 
and the deaths taking place in the competitive fight, the over- 
production of seeds becomes a sheer necessity. The struggle 
is so fierce and the dangers to which these are exposed are so 
formidable that one is justified in wondering how even a few 
have survived. But, for the maintenance of the reasonable 
average number both as regards the individuals and the 
species, the overproduction cannot but be a distinct advantage. 
Another advantage is that the species is likely to spread to 
new spots that are favourable. Even if many succumb in 
the struggle a few at least are likely to fall in situations 
remote from the parent and such situations are always good 
for them. It is a well established’ fact that occasional 
driftings to different surroundings act beneficially in stimu- 
lating the plants to good growth. 
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There are other considerations regarding the seed that are 
also of very vreat importance in this connection. The success 
or failure i"a (W to bo~m. well established uiepeu* to a 
certain extent, upon the enrount of reserve lood ,n, at 
px f qtiT1 „ in .a cjeed. Some seeds as m the Coconut are large 

i +i B • lawe auantity of food stuff available for the 
and there is a large qucui^ .> . 

i x a n it pan make use of it, until it is able to pi e- 
voung plant, bo u can . xl , 

pare its own food. When seeds are massive the production 
of seeds is by no means large numerically. If, on the other 
haml the seeds are small the number produced by a plant 
ought to be very large, because the food carried by the seed 
for the embryo is very limited. 





Fig. 252 Winded fruit Fig. 253 Fruits with wings. 

' of G-yrocarpus. % Ailanthus, and 4, Pterocarpus. 

Just as we find variations to a large extent in other parts 
of plants, we meet with "very great amount of vaiiation in 
fruits and seeds also. For instance we find seeds so small 
that we could hardly see them with the naked eye, as in 
Orchids and Striga ; and we also find massive seeds as in the 
Coconut and seeds of all dimensions ranging between these 
extremes. Again as regards colour also we find a great range 
in variation. In the matter of structure and appendages it is 
equally so. These variations in different directions cannot be 
a matter of mere accident, and they must have some signifi- 
cance. The significance becomes obvious, if we hear in mind 
the sheer necessity for the wide dispersal of seeds. Without 
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special adaptations and special agencies, dispersion is a 
matter of difficulty. Variation in all directions is a positive 
advantage. 

Let us now consider some examples of fruits and seeds 
and see if all that is said of them is true. The fruits of 
Gyrocarpus Jacquini , a common tree of the plains, are 
interesting. This fruit consists of a round or ovoid portion 
enclosing the seed and two long wings varying in length from 
two to three inches. (See fig. 252.) During the hot weather 
this tree bears heavily. Whenever there is a wind, a large 
number of fruits are detached and they are wafted in the 
air. They are carried to long distances, because the fruit 
does not fall down as long as the wind lasts. On account of 
the wings the fruits keep on spinning round and round like 
a top or a shuttle-cock shot in the air. The relation existing 
between the spread of the wings and the size and weight of 
the seed is such that it is capable of sailing in the air for 
sometime at least, before it comes down. On one occasion the 
fruits of this tree were found nearly a mile away from the 
tree. From this example we clearly see that winged seeds 
are specially meant for dispersal by wind. We have in this 
presidency many examples of winged fruits, and all of them 
belong either to trees or lofty climbers. The possession of 
wings in the case of winged seeds of trees is not a matter of 
mere accidence. It is developed solely as a means of dis- 
persal. If the presence of wings were accidental and the 
dispersal merely its result, w r e should expect to find winged 
seeds in all kinds of plants. For instance, we should have 
such seeds in the case of even low herbs, and aquatics. We do 
not of course come across winged seeds on low herbs, because 
they would obviously be of no use. Though the winged seeds 
of trees are capable of sailing high in the air, they cannot do 
so low down, and some height is necessary. As they are 
usually heavy they cannot be lifted from low situations for 
want of enough force on the part of the wind. We know that 
the force of the wind goes on increasing with the height. In 
the case of tall trees the height is an advantage, because the 
winds are likely to blow more strongly there and the seeds 
are not likely to be impeded in their travel and they escape 
being entangled. 
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Of the numerous winged fruits occurring in the flora of 
this part of India, those of Ailanthus, Holoptelea, Combretmn, 
Pterocarpus, Pterolobium, Hardwickia, Ho pea, Shorea and 
Dodomea are common enough. As examples of seeds with 
wings we may mention the seeds of Cedrela, Soymida, 
Tecoma, Dolichandrone, Oroxylum and Mahogany. 



Fig. 254. Winged fruits of 1, Combretum and 3, Pterolobium. 

From the fact that winged seeds are confined to trees it 
must not be supposed that herbs do not make use of the wind 
for dispersal of their fruits or seeds. 




Winged seeds of 1, Dolichandrone ; 2, Tecoma 
3, Oroxylum and 4, Cedrela. 


Just as wings are specially good for seeds of trees so 
plumes are best suited for low herbs and shrubs. The para- 
chute-like pappus hairs of the Tridax achenes are far more 
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everywhere. It was not at 
all common at higher alti- 
tudes some fifteen years ago 
and now it is as much at 
home there as it is on 
the plains. Examples of 
plumed fruits' and seeds are 
afforded in abundance by 
the families Composite 
and Asclepiadeas and also 
Apocynaceas. We all know 
that plants of these families 
are very widely distributed 
and we find some species or 
other of them almost every- 
where. The plume or hairs 
are from the calyx in the 
case of the achenes of the 
Composite ; but in the case 
of the Asclepiadeas and 
Apocynaceae it is the seeds 



Fig. 257. Plumose achenes of 
Vernonia ciuerea 
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that bear the tufts of hair (see fig. 247) ; so also is the case 
with the Cotton seed and that of Hibiscus micranthus. 
Clematis furnishes examples of achenes whose styles are not 
only persistent, but are also provided with hairs to facilitate 
their dispersal. Both in winged and plumed fruits we 
generally find only one seed. 

We have several plants possessing small seeds with special 
devices to bring about dispersal. 
The seeds are numerous in such 
plants, and they lie loose at the 
bottom of a capsule which is 
usually borne at the ends of 
stiff upright elastic peduncles. 
Every gust of wind will shake 
the fruit, and on account of the 
stiffness of the stalk there will 
be a sudden rebound to the 
original position which must 
lead to ' the scattering about of 
some seeds at least. Capsules, 
intended to shed their seeds 
thus, open only at the top either by means of pores or by 
very short longitudinal slits. This arrangement prevents 
the shedding of all the seeds at once and in one place. 
Winds do not blow always with the same force and so the 
seeds have the chance of falling in different places. The 
introduced Mexican poppy, Argemane mexicana , is an 
excellent example to illustrate this fact. The single-celled 
capsules of this plant are at the extremities of stiff branches 
and the dehiscence is by means of short slits at the top. The 
seeds are small and every time there is a wind a few seeds 
are shot forth, sometimes near and at other times a little 
farther, according to the nature and force of the wind. 

When a solid round body begins to decrease in volume its 
surface will also diminish relatively to the mass, but the rate 
with which the volume decreases is greater than the rate of 
the diminution of the surface. So a body when it reaches 
a certain point of smallness the surface that it possesses in 
relation to its weight will be proportionately more, than 
when it is larger. The seeds of Orchids are very small 


Fig. 258. Fruit and hairy seeds 
of Hibiscus mi era tit hus. 
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and they have sufficient surface to enable them to remain in 
air sufficiently long. And when winds blow, such seeds may 
travel very long distances. 


Fig. 259. Achene of Clematis. Fig. 200. Capsule of Argemone 


Several dry fruits scatter their seeds to long distances by 
their bursting. The 
fruits of Canavalia and \ m 
those of several other 

leguminous plants ^ 

hurl their seeds to Hfi ygjff' 

long distances by the IB 

sudden breaking of the mm ♦ 

valves and their twist- \ % JSSf 

mg in the opposite 

directions. The seeds gJfF 

of Canavalia are hurled 

to a distance of ten to WjmBm 

fifteen feet when the 

valves of the fruit ^jjr 

burst open. The cocci J 

of the Castor fruit are Fig. 261. A legume bursting and 

also thrown several hurling its seeds, 

feet when the fruit 
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dries and "breaks. Euphorbias scatter their seeds in the same 
manner. The fruits of Hura crepi- 
tans burst with a noise almost as 
loud as the report of a Chinese 
cracker. As further examples of 
fruits that expel their seeds by 
explosion we may mention those of 
Impatiens and of some species of 
Aeanthaeese. The fruits of Ruellia 
prostrata have at their tips a specia- 
lised spot which when wetted leads 
to the sudden bursting of the 
capsules. If we place these capsules 
in water, as soon as the tip 
becomes wet they burst with a noise 
scattering the seeds on all sides. We can feel the force with 
which it bursts, by putting these capsules into our mouth. 

We have now to consider those fruits that are provided 
with hooks and spines. These are undoubtedly meant for 
dispersal by ani- 
mals. The fruits 
get entangled in 
the fur of animals, 
by means of the 
hooks. If we exa- 
mine our clothing, 
after a ramble 
through a scrub or 
a waste place, we 
find many kinds 
of fruits sticking 
on to them. The 
fruits that com- 
monly stick on to 
our clothes thus 
are those of Achy- 
ranthes, Pupalia,Triumfetta, Zornia and Desmodium. Amongst 
herbs and shrubs there are many plants that bear hooked 
fruits. The fruits of the plants Urena lobata, U. sinuata 
Xanthitpi strumarium, Bidens and Mimosa are also hooked! 



Fig. 268. Hooked fruit of Triumfetta 
pilosa. 



Fig. 262. Hooked fruit of 
Triumfetta rhombohlea. 
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In all these cases the hooks are small and they are directed 
on all sides. As most of these fruits are small, they do not 
seem to cause any inconvenience to the animals to whose 
skins they cling. A most remarkable example of a hooked 
fruit of a formidable nature is mentioned by Sir John 



Fig. 284. Hooked fruits of Pupalia. 
The hooks are imperfect flowers. 


Lubbock. The South African genus Harpagophytum pro- 
duces fruits that are really formidable on account of the 
woody spines borne by the pericarp of the fruit. These 



;■ Fig. 265. The fruit of the Grappling plant (after Lubbock). 

spines called 44 grapples ” are woody and are about an inch 
long, and are provided with barbs turned in various direc- 
tions. These fruits are said to roll about and become 
attached to the skin of lions. The unfortunate animal in its 
attempts to# get rid of this fruit, sometimes gets it into its 
mouth and then it dies. 

The hooks or spines are developed from various parts. 
In the fruits of Urena, Triumfetta, Zornia and Cullenia the 
hooks arise from the pericarp. 

In Bidens the pappus horns are barbed. In some cases 
the perianth persists along with the fruit, and the tips 
15-4 ' , 
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of their lobes are spinescent, as in Achyranthes. Sometimes 
imperfect .flowers become hooks asm Pupalia. Even bracts 
sometimes develop into hooks as in Tragus racernosus , or these 

are spinescent as in Amarantus 
spinosus and Echinops echina - 
tus. In the case of Xanthium 
Strumarium the achenes are 
enclosed by the involucral 
bracts and these bear hooked 
spines. This plant is really 
a troublesome weed, as it 
spreads widely and rapidly. In 
South Africa the fruits of 
Xanthium are said to have 
caused so much damage to the 
Fie. 266. Fruit of Xanthium. wool, some years back, as to 

necessitate a legislation to 
extirpate this weed. Even in this country it sometimes 
monopolises large areas, especially wet clayey situations and 
then it is not easy to get rid of it. 

We have also a few species of plants producing sticky 
glands which help the fruit in their dispersal by sticking to 
the feathers of birds. We have such fruits in Pisonia, 
Boerhaavia, Siegesbeckia and Plumbago zeylanica. 

The dispersion of hooked and sticky fruits is brought 
about by the agency of animals, and the animals do not do 

this consciously. But in the 
case of fleshy fruits, animals 
deliberately go in search of 
them and eat them. As already 
pointed out, the seeds in the 
fleshy fruits are all hard, if the 
fruit is a berry, and the hardness 
is due to the thickening of the 
seed-coat. If they are drupes 
then the seeds remain within 
the stony endoearp. In both 
these cases the seed possesses an 
indigestible covering. Around 
the hard covering is the sweet 



Fio. 267. Boerhaavia fruits. 
1, fruit of B. repanda ; 2, fruit 
of B. repens. 
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luscious edible fleshy part. All fleshy fruits are highly 
coloured, after the seeds are fully formed and ready for 
dispersion. But in young and unripe fruits tlie pericarp is 
generally green and the fleshy part will invariably be very 
unpalatable. Fruits get their characteristic colour only when 
they are fully mature and ripe. The distribution of unripe 
fruits is in no way beneficial for the plant, and as a safeguard 
against this sheer waste the fleshy part remains unpalatable, 
until the seeds are fully developed and are ready for travel. 
This mode of dissemination is very common and it must 
rank very high among the different modes of dispersal and 
is second only to dispersion by wind. 

Some seeds get dispersed on account of their arils, or 
strophioles. The seeds of 'Pithecolobmm (hi Ice have very 
well developed arils which are sweet when the seeds are 
mature. Then birds peck at the aril and devour it dropping 
the seed in various places. (See fig. 250.) 



Fig. 268. Jatropha seed. A, back and B, front view. 

There are some seeds which depend for their dispersal 
on deceptive appearances. They resemble insects and are 
consequently picked up by certain insectivorous birds, but 
only to be thrown away as being useless, and this is exactly 
what the seeds need. Instances for this type of seed are 
provided by the Castor and Jatropha seeds. 

We have instances of plants securing dispersal by the 
whole of the inflorescence being carried by the wind over 
long distances. The seashore grass Spimfex squarrosus is 
disseminated by its large round ear-heads that roll along the 
ground with the winds. 
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Fig. 269. The inflorescence of Spinifex. 
1, female ; 2, male. 


Lastly, we have also fruits depending on water for their 
dispersal. As examples, we need only mention the Coconut, 
the Seychelles Double Coconut, the top-like receptacle of 
Lotus which carries the fruits, the fruit of Cerbera Odollam 
and that of Entada scandens. 



Fig. 270. The Coconut. 
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CHAPTER XVI. 

VEGETATIVE REPRODUCTION. 

Reproduction is a most necessary process in the life of a 
plant and for most plants the production of seed is of 
paramount importance, for without it the extension and 
distribution of species is well nigh impossible. In the case 
of higher plants the obvious method of propagation is by 
means of seeds that are produced by sexual reproduction, a 
process very complex in character, in as much as it involves 
the fusion of very specialised cells called gametes. 

It must not be thought that this is the only method by 
which plants multiply and get dispersed. Instead of always 
adopting this most complicated form of propagation, plants 
sometimes have recourse to other modes of reproduction. 
There are many ways by which they reproduce themselves, 
in all of which the fusion of the gametes is dispensed with 
and only portions of the vegetative organs are concerned. 
These processes are simple in character and are merely the 
results of growth. Hence all these processes go by the name, 
Vegetative Reproduction . 

We all know that some plants are propagated by means 
of small bits of stems. For instance the plants. Clerodendron 
phlomoides , Convolvulus arvensis , Cynodon dactylon and a 
host of other plants propagate themselves in this manner. 
These plants have an extensive system of underground 
stems that are very brittle. Even small bits of these branches 
are capable of growing into separate plants. It is this special 
feature of these plants that makes them most troublesome 
weeds. We have many species of plants that propagate them- 
selves vegetatively, even in a wild state. Many plants have 
lost the power of producing seeds under cultivation, and 
consequently they can be propagated, only by vegetative 
reproduction. The methods of vegetative propagation are as 
varied, as are the means for the dispersal of seeds. 

Plants having a creeping habit similar to that of Hydro - 
cotyle asiatica , flourish everywhere. In all such plants 
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branches creep along the surface of the ground producing 
roots at the nodes. These plants may go on increasing and 

establishing new colonies in any 
number and occupy within a 
short time considerable areas, 
because of the capacity of 
becoming independent plants 
possessed by the creeping 
branches, when they get severed 
from the older portions either 
by decay, or accident. 

There are many plants 
whose stems are mostly sub- 
terranean and the main work of 
these underground stems may 
be said to be the propagation of 
their kind. Subterranean stems 
in which reserve food material 
is stored in abundance, such as, 
rhizomes, conns and bulbs, are 
specially adapted to serve this 
purpose. The underground 
branches, like other organs of a 
Fig. 271. Qonvolnrfu* arretm*, plant, vary very much in their 
L., showing the underground form and structure. There are 

plants whose underground stems 
differ very little from the ordinary aerial branches. For 
instance, in the Hariali grass, the stolons are white, bear 
adventitious roots and have scale-leaves instead of green 
foliage leaves. There is no visible storage of food material. 
In the grass Panicmn repem , we have an example of a 
plant whose underground parts consist of both stolons and 
rhizomes. Several species of Oyperus develop stolons, as 
well as tubers or bulbs. Instances there are in which the 
whole of the shoot-system consists of rhizomes. Further 
modifications are the bulbs, tubers, and corms. All these 
modifications are undoubtedly due to the storage of reserve 
food material. 

When the underground stems are stoloniferous or 
rhizomie in character some of them turn up, come above the 
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surface and develop into ordinary leafy branches. These 
aerial branches remain connected with the underground 
stems and depend upon them for their development, until 
they become fully established. When once these aerial 
branches have 
become fully 
established, they 
are capable of 
becoming inde- 
pendent plants. 

On account of the 
continued connec- 
tion and the pres- 
ence of roots 
storage of reserve 
food becomes un- 
necessary in these 
cases. From the 
u n d e r g r o u n d 
stems large num- 
ber of branches 
may come up, but 
amongst them 
those developing 
from the terminal 
bud and lateral 
buds in its proxi- 
mity are usually 
mofe vigorous 
‘ than those arising 
from the lateral Fig. 272. Rhizomes of Arrowroot, 
buds lower down. 

Now coming to the very much modified stems, tubers, 
conns and bulbs these are much better fitted for vegetative pro- 
pagation than rhizomes and stolons, as the abundant storage 
of reserve food is a positive advantage to start their growth. 
In these cases the separation from the main plant may take 
place long before the appearance of the daughter plants. 

As an example we may mention the Potato. In the 
Potato plant some branches develop underground, grow and 
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become thickened at their ends forming tubers. These 
tubers are capable of growing into separate plants when 
detached from the parent plant. Sometimes and in some 

plants the axillary buds in. the 
aerial branches develop into aerial 
tubers. For instance in many 
cultivated species of Dioscorea 
aerial tubers are very common. 
They all drop down and then 

Fig-. 273. Potato tuber gr0W into se P arate P lants - In 
germinating. Agaves and Chlorophytums bulbils 

appear in the inflorescence, and 
they drop down and develop into separate plants. 

A conn, as for instance in Amorphophallus or Synan- 
herias, represents the whole of the shoot system of the plant. 



The reserve food material, instead 
of being stored in the lateral 
branches, is allowed to accumu- 
late in the main stem, and the 
lateral branches remain as small 
buds on the surface of the eorm. 
All the buds found in a conn are 
capable of developing into new 
corms in their turn, although it is 
the terminal bud which usually 
grows'and becomes the new conn. 
Generally corms of two or three 
seasons remain together. (See 
figs. 97 to 99.) In the conn of 
Amorphophallus there are no 
scale-leaves ; but sometimes a 
corm may be covered by a few 
scales, or the scales may be many 
and the stem also somewhat 
massive, as in the tuberose, 
making it intermediate between 
a bulb and a corm. Such 
structures as these go by the name “ Solid bulbs ” amongst 
horticulturists. From this to the bulb proper is an easy 
gradation . In a bulb the axis is not very conspicuous and 



Fig. 274. Poliauthes. 
Note the daughter bulbs. 
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Fig. 275. Onion bulbs. 


This 


the scales are numerous. In bulbs, whether solid or ordi- 
nary, we find many daughter- 
bulbs, — really axillary buds, 
and by these they get multi- 
plied. (See figs. 274 and 275.) 

In rare instances even 
leaves give rise to buds which 
usually develop into plants 
later on. Adventitious buds 
develop at the margins of leaves 
of Bryophyllum calycinum and 
in Scilld indica at the apex 
of the leaves. When injured, 
buds make their appearance in 
the leaves of Begonia. 

Even roots, as has already 
been mentioned in another 

chapter, are capable of producing shoots when cut. 
affords another means of vegetative propagation. 

In addition to the various 
methods of vegetative reproduc- 
tion, many a plant, still 
possesses the power of regene- 
rating the parts that are lost. 

This tendency is taken advan- 
tage of in the propagation of 
rare and valuable varieties of 
plants. It is this property that 
makes it possible to raise plants 
by grafting, by layering and by 
means of cuttings. 

Very often one comes across 
plants that are able to propagate 
themselves by the production 
of seeds, as -well as by the vege- 
tative method of reproduction, by the one or the other of 
these two methods according to circumstances. It may be 
that the plant is capable of bearing seeds in abundance and 
yet it sometimes may adopt the vegetative method of 
reproduction. 



Fig. 276. Bryophyllum leaf 
with adventitious buds. 
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Fj*om this it is clear that there should be certain factors 
which determine the kind of reproduction to be adopted by 
the plant, when it is capable of both sexual and asexual 
reproduction. From experience we know that all the condi- 
tions favouring large accumulations of food stuff and vigorous 
growth tend to make a plant grow vigorously and develop 
its vegetative parts. And then such a plant tends to 
multiply itself by vegetative reproduction. When conditions 
are not favourable for a vigorous growth, plants resort to the 
formation of seeds. We often see plants growing in open dry 
places running into flower and seed. 

The effect on the offsprings of a plant produced by 
reproduction will vary with the kind of reproduction. If 
the offsprings have resulted from vegetative reproduction, 
they will maintain the characteristics of their parent plant. 
The vegetative method of propagation will, therefore, enable 
any one to propagate a variety or form without any change in 
its character, and make it occupy the land quickly. But, it 
must be remembered that plants produced by vegetative 
propagation are less able to withstand changes in their 
environments, than those derived from seeds. With plants 
produced by the sexual method, it is far otherwise. In this 
case the fusion of cells from two different individuals, which 
is the chief feature of this process, changes the character of 
the offsprings in a profound manner. Generally the off- 
springs differ from their forbears in some respects at least. 
Some of the offsprings may be like one parent, some like the 
others and some others may differ from both. No doubt the 
young plants may resemble the parents in a general way, but 
on close inspection differences also will become apparent. 
This tendency is an advantage, if new varieties are required, 
and in nature it leads to the formation of new plants. To 
make this point clear we may take the case of propagation of 
mango. If one wishes to have Mango plants of a particular 
variety in large numbers, he should adopt the vegetative 
propagation, but if the object is to obtain different varieties 
he must have recourse to seeds that result from sexual 
reproduction. 
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CHAPTER XVII. 

«>; ' . • ' . 

PRINCIPLES OF CLASSIFICATION. 

Amongst plants, the spermatophyta or seed-plants repre- 
sent the most highly organised group. It includes a very 
large number of individuals (about 120,000 now), with an 
endless variation in their structure and mode of life. To get 
an insight into the forms of plants that exist, some sort of 
grouping of plants or classification is necessary, otherwise it 
is impossible to make any progress in acquiring the knowl- 
edge of plants. 

By comparing plants with one another we find resem- 
blances as well as differences, in varying degrees, and it is 
usual to speak of the resemblances as affinities . It is obvious 
that plants which are alike in several characters should have 
had a common origin. For example, the individual plants of 
a crop are all alike in many respects, because they are the 
offsprings of one kind of plant. So affinities show the 
relationship amongst plants. 

The earliest system of classification which was in use 
until the middle of the last century, is the Linnean system of 
classification based upon the single characteristic, the number 
of the stamens in a flower. This system, though most 
convenient for practical use, is defective and unsatisfactory, 
because of its arbitrary and artificial nature. When plants 
are grouped, taking into consideration only a single character, 
we are obliged to bring together plants having no real 
affinities and keep apart those closely related. The Linnean 
system is now superseded by others, more natural because a 
larger number of characters form the basis for classification. 
The main aim of the modern systems of classification is to 
express the relationship between different plants. Therefore, 
as many characters as possible are taken into consideration. 
And it is only then, that the exact relationship could be 
determined. 

There are two Natural systems of classification now in 
use,, and they are (I) the system of Engler and (2) the system 
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of Bentham and Hooker. The former is largely in use on 
the continent of Europe, while the latter is the standard one 
in Great Britain and India. Therefore, in this chapter we 
shall follow Bentham and Hooker’s system. 

Flowering plants with a closed seed vessel or Angiosperms 
are divided into Dicotyledons and Monocotyledons . 

Dicotyledons, as the name implies, have two cotyledons 
in their seeds. Flowers are generally tetra-or pentamerous 
and the leaves are net- veined. A well marked tap-root and 
a stem with secondary growth are also the characteristics of 
this class. 

Monocotyledons, on the other hand, have only one 
cotyledon in their seeds. Flowers are trimerous and leaves 
are parallel- veined. The stem, as a rule, does not increase in 
thickness and there is no tap-root. 

These classes are further subdivided into sub-classes, 
Series and Natural Orders or Families , as shown towards 
the end of this chapter. 

For purposes of classification plants of a particular kind 
are said to be of one species and species are grouped together 
into a larger group, the genus ; and the genera are further 
grouped into Families or Natural Orders . 

We shall try to render all these points quite clear by 
means of certain examples. Let us select a common plant 
such as the Bendai or the Okra plant. All the plants raised 
from the seeds of a Bendai plant are of the same kind and so 
we consider this kind to be a species and the scientific name 
of this species is Hibiscus esculentus , L. On comparing this 
plant with three other kinds or species, Gogu, Shoe-flower 
and Hibiscus vitifolius , L., we find that all these species are 
similar in certain characters, especially in the parts of the 
flower. These common characters are as follows : — The 
stamens form a monadelphous tube, with kidney-shaped 
unilocular anthers, enclosing an inferior ovary and a filiform 
style which ends in five stigmatiferous branches ; petals are 
five, free, contorted and adherent at the base to the staminal 
column ; and the calyx is monosepalous with an epicalyx of 
bracts at its base. These characteristics constitute the 
diagnosis of a genus and so all plants possessing the above 
characteristics should be brought under this genus, and the 
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name of the genus is Hibiscus. These four plants that we 
have chosen as examples belong to the same genus. Hibiscus. 
We have about a dozen species under this genus growing in 
this part of India. The scientific names of the plants, Bendai, 
Gogu and Shoe-flower are respectively Hibiscus esculentus , 
.Hibiscus cannabinus and Hibiscus Bosa-sinensis. 

We have a number of other plants resembling the 
Hibiscus in certain features. For instance, the Portia tree, 
the cotton plant and the plant Abutilon indicum , G-. Don., 
resemble the Hibiscus in certain respects. All these plants 
agree with the genus Hibiscus in having a staminal tube 
with unilocular anthers, free contorted petals, adnate -with 
the staminal column at its base and a monopetalous calyx. 
On account of these common characteristics we are justified 
in grouping all these plants, as well as the species of Hibiscus 
mentioned above, under one higher group, the Family or the 
Natural Order. The name of the Natural Order, in this case, 
is Malvacece. t 

It would, perhaps, conduce to clearness, if we set forth 
all these facts in a tabular form so as to indicate the limits of 
species, genus and the Natural Order- 

All plants having flowers with- 
monosepalous calyx and free 
contorted petals, adherent at . 
base to the staminal tube with . a vatew * 
unilocular anthers belong to 
the Family , Malvacece . 

Plants of the family Malvaceae may further be subdivided 
into genera and species as shown below : — 

Style branched at the free end — 

Epicalyx present — 

bracts five or more ^ 

style branches five > Hibiscus, 

ovary five-or many-celled ...J 

bracts three ; style lobes three 

ovary three-or four-celled. / T0SS yP mm * 

Epicalyx not present- 
style branches and cells of the! , 7 : A 
ovary twenty or more. J 

Style not branched at the free end. Thespesia , 
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The species of the gen us Hibiscus . 

Flowers, large, showy — 

Petals yellow — 

fruit small, angled sharply, seeds 1 __ 

naked; J B.mtrfoln*. 

fruit small, but with close-set 'j 
harsh bristles ; calyx with r H. cannabinus 
glands outside. ' 

fruit long ; calyx spathaceous. ... H. esaulentus. 

Petals red — 

fruit not formed ... ... ... H, Rosa-sinensis, 

Flowers, small — 

Petals white — \ 

fruit small and round ; seeds j- H. micrcmthus . 
cottony. J 


SYSTEM OF CLASSIFICATION ACCORDING TO 
BENTHAM AND HOOKER. 


Class — Dicotyledons. 

Sub-class I Polypetalce. — (Flowers usually with both 
sepals and petals and the latter distinct and not united.) 

Series (1) Thalami fiorce . — Sepals and petals quite 
distinct, stamens hypogynous and ovary superior. 

Series (2) Disci force . — Sepals distinct or united free or 
adnate to the ovary; stamens hypogynous; a disc is 
present ; ovary superior. 

Series (3) Gal/yci force. — Sepal s united, free or adnate 
to the ovary ; stamens perigynous ; ovary superior or 
inferior. 

Sub-class II Gamopetalce . — (Flowers usually with both 
calyx and corolla and the latter always monopetalous.) 

Series (1) Inferce. — Ovary inferior and stamens equal- 
ling the petals in number. 

Series (2) Heteromerce. — Ovary superior ; stamens 
equal to petals, more or indefinite. 

Series (3) Bicarpellatce . — Ovary superior; stamens 
equal or less than the corolla lobes ; carpels two. 

Sub-class III Incompleke. — (MonochlamydeaO (Flowers 
with a single whorl of perianth, i.e., the calyx.) 
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Series (1) Gurvembryece. — Ovary with solitary ovules ; 
embryo curved in flowery endosperm. 

Series (2) Multiovulatce. — Ovary with indefinite ovules. 

Series (3) Mierembryece. — Ovary with solitary ovules 
in the cells apo-or syncarpous ; embryo very small with 
endosperm. 

Series (4) Daplmales. — Ovary of one carpel with one 
or more ovules ; perianth regular perfect and stamens 
perigynous. 

Series (5) A ch lamydosporece. — Ovary unilocular, 1 to 
3 ovuled but ovules not clear until after fertilization. 

Series (6) Unisexuals. — Flowers unisexual *, ovary 
one carpel or syncarpous ; ovules solitary or two in each 
cell ; sepals reduced or absent. 

Class— Monocotyledons. 

Series (1) Microspermce. — Inner perianth petaloid ; 
ovary inferior with three parietal placentas seeds very 
minute. 

Series ( 2 ) Epigynce . — Perianth partly petaloid ; ovary 
inferior and endosperm plenty. 

Series (3) Goronariece . — Inner perianth petaloid, ovary 
free, superior endosperm present. 

Series (4) Calycince. — Perianth sepaloid ; ovary 

superior. 

Series (5) Nudiflorce. — No perianth ; ovary superior. 

Series (6) Apocarpw. — Perianth one or two whorls or 
absent ; ovary superior apocarpous. 

Series (7) GJumacece — Flowers single, axillary in the 
axils of bracts ; no perianth ; ovary one-celled and one- 
ovuled. 


NATURAL ORDERS * GROUPED ACCORDING TO 
BENTHAM AND HOOKER’S SYSTEM. 

Dicotyledons. 


Polypetalee— 

(1) Thakimiflorce — 
Anonaceaa, 

N ymphseaceae. 
v Cruciferae. 
Capparidege. 


Polypetal m—cont. 

(1) ThaJambflorce — cont. 
^Malvacege. 
Sterculiacese. 
Tiliaceas. 


* Only those described in the next chapter are included here. 
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Polype t a lje — cont. 

(2) Discifiorce— 

Rirtaceae. 

Meliaceae. 

Rliamneae. 

Ampelideae. 

Sapindaeeae. 

Anacardiaceae. 

(3) Gaily ti florae— 


Gamopetalje — cont. 

(2) Heieromerw . 

Sapotaeeae. 

(3) B icarpeUatm — 

Apocynaceae. 

Asclepiadeae. 

Boragineae. 

Convolvulaeeae. 

Solanaeea?. 


V/Leguminosae. 
Combretaeeae. 
Myrtaceae. 
v6 ucn rbitaceae . 
Ficoideae. 
Gamopetalje — 

(1) Inferce— 
Rubiaceae. 
Compositae. 


Acanthaceae. 
Labiatae. 
Incomplete — 

(1) Ciirvemhryw— 

Amarantaceae. 

(2 ) Unisexuals — 

Enphorbiaeeae. 

Urticaceae. 


Monocotyledons. 

Series (1) Microspermce — Orchidae. 

Series (2) Epigynce — Scitamineae, xlmaryllideae. 
Series (3) Gofonariew-^L iliaceae, Commelinaceae. 
Series (4) Calycince — Palmae. 

Series (5) Nudiflorce — Aroideae. 

Series (6) Qlumacece — Cyperaceae, Gramineae. 
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CHAPTER XYIIL 

DESCRIPTION OF NATURAL ORDERS. 
Anonaceje. 

For this family the Custard-apple (Anon a squamosa L.) 
may be taken as a type. This is a small tree branching 
freely with leaves arranged bifariously on the twigs. Leaves 
are simple, alternate, exstipulate, shortly petioled, oblong, 
entire, dark green above and slightly glaucous beneath. 


•« ; 


Fro. 277. Fruit of Anona squamosa, L. 

Flowers arise singly from the leaf axils and the flower 
consists of three small triangular membranous sepals, valvate 
in bud, three petals, indefinite stamens and a superior ovary 
of many carpels. The petals are valvate in bud, fleshy, thick 
and somewhat triangular in section, narrow oblong and 
concave below. Stamens are spirally and closely packed on 
the prominent conical receptacle and hypogynous ; filaments 
are very short ; anthers long, two-lobed, and crested with the 
dilated end of the connective, Ovary consists of many 
carpels closely packed. 

16 -a tA 


■ft- 
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Fruit is a berry consisting of several fleshy carpels all 
fused together in one mass. Seeds are black, polished and 
oblong and possess endosperm which is in the form of 
folds (ruminate endosperm). 

Anona reticulata, L., or the Bullock’s-heart is another 
common tree under cultivation. This differs from the 
Custard-apple only in certain respects. Flowers are clustered 
in groups, instead of solitary, and the areolation on the surface 
of the fruit is not quite so distinct as in A . squamosa , L. 



Fig. 278. Fruit of Anona squamosa , L., longitudinal section. 

Potyalthia longifolia , Benth., is another common avenue 
tree of this order. Leaves are lanceolate with undulate 
margins, shining and studded with pellucid glands. Flowers 
arise from old branches in umbels, or short racemes. Petals 
are six, in two whorls of three thin. Fruit consists of free 
carpels. 

Characters of the Order Plants belonging to this order 
are trees or scandent shrubs. Leaves are simple, alternate, 
exstipulate, short stalked, entire and generally bifarious. 

Flowers are solitary, fascicled, umbelled or racemed. 
Sepals are three, valvate in bud and small. Petals are either 
six (in two series of three) or three. Stamens are numerous ; 
hypogynous, closely and spirally packed on the receptacle ; 
filaments are short, anthei linear and usually crested by the 
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dilated end of the prolonged connective . Ovary is superior, 
consisting of closely packed carpels which are usually free 
(fused in Anona). Fruit is fleshy, of free carpels except in 
Anona. Seeds have ruminate endosperm. 



Fig. 279. Floral parts of Auonct reticulata , L. 1, branch with young 
leaves ; 2, flowers ; 3, stamens and the pistil ; 4, parts of the 
flower ; 5, 6, 7, front, back and profile views of stamens. 

This order is completely tropical. Other genera commonly 
found in South India, are Uvaria, Saccopetalum and Miliusa. 



F IG. 280. Seed, v£ Poly aUhia . longlfoUa, Benth.' 1, entire seed ; 2, 
section of seed showing the embryo and ruminated endosperm. 
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Nymph JSACEiE , 

The Water-lily and Lotus are the representatives of this 
family. Both are aquatics and are met with in tanks and 
ponds all over South India. 

NympJum Lotus, L., or the Water-lily has a short under- 
ground stem and large leaves on very long stalks. The leaf 
blade is somewhat round in outline with a deep sinus at the 
base, attached to the stalk peltately, and floats on the surface 
of the water with the part where the petiole joins it being 
slightly raised and higher than the other parts. The lower 
surface of the blade is reddish and the spongy veins are very 
prominent and the upper surface is green, smooth and cannot 
be wetted with water. 



Flowers are solitary on long scapes, floating. Sepals are 
four, oblong. Petals are unequal, twelve or more, oblong, 
white or deep red. Stamens are about 35 to 40 or more ; 
filaments are flattened at the base, the outer more so than the 
inner ; anthers are without appendages. Ovary consists of 
many carpels fused with the fleshy receptacle. 

Fruit is a soft spongy berry with 12 to 15 or more cavi- 
ties lined with seeds. Seeds are somewhat globular, covered 
with tubercles appearing as lines and are enclosed by 
like aril. 


a sac- 
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a creeping ami. branching stem with roots at the nodes. 
Leaves are very long stalked and the blade is round, raised 
above water and cup-shaped in the middle, Flowers are soli- 
tary, large, on long peduncles. Sepals are four or five. Petals 
are 15 to 20 or more, white or pink, unequal and deciduous. 
Stamens are many with club-shaped appendages to the anthers. 
Carpels ten to twenty separately sunk in the top-shaped 
receptacle. 

Fruit consists of the top-shaped receptacle in winch the 
ripe carpels are imbedded. 



Fig, 283. Nehmhhim. tpn-imtM* Wilkl 1, flower hud ; 9, essential 
parts, stamens and pistil; 3, the gymmmm cut through • 4 
carpel ; 5, 6, 7, stamens. ° 1 ’ 

Characters of the Order .— Plants of this order are all 
aquatics with large leaves and flowers borne on Iona stalks, 
which are usually spongy on account of large air spaces! 
the sepals are usually four or five, free. Petals are many, 
unequal, free ; stamens are indefinite with flattened filaments’. 
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The ovary consists of many carpels that are either fused with 
the receptacle or free and immersed in the receptacle. Fruit 
is a berry. Seeds are arillate or not. 

ORUCIFERyE. 

The Mustard plant, Brass i ca juncea, I.., serves as a good 
example of this family. It is an annual with sessile pinnately 
lobed leaves and long terminal racemes of yellow flowers. 
The racemes are at first corymbose and the axis elongates 
later, when fruits are formed. 



■Fig. 284* Brmmea juncea , L. 1, raceme ; 2, stamens and pistil ; 
3, petal : 4, fruit (silique) ; 5, flower. 


Flowers are without bracts. There are four narrow green 
sepals in two whorls, and the two lateral sepals of the inner 
whorl are slightly bulging at the base on account of the two 
glands opposite to them on the receptacle. Petals are free 
like the sepals, clawed, bright yellow and are crosswise in 
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one whorl. Stamens are six, tetradvnamous ; the two shorter 
stamens are opposite the lateral bulged sepals and there are 
two glands one near each of these stamens. The ovary is 
superior of two carpels with parietal placentation. At first 
though unilocular a false septum is formed later and hence 
the fruit is two-celled. Fruit opens by two valves sepa- 
rating from below and leaving the septum with seeds on. 
Seeds are black, small. 

This order is very well represented in temperate regions, 
and in the tropical regions very few species occur. In 
South India Oardamine and Capsella are the only genera 
occurring in a wild state on higher elevations. Other plants 
of this order, such as the Radish, Turnip, Cauliflo wer, Cab- 
bage, Nolkhol are all usually cultivated. 



Fig. 285. Radish' 1, inflorescence : 2, flower ; 3, stamens and pistil ; 

4, sepals and petals. 

Characters of the Order.— All members of tins family 
are herbs. Plants belonging to this family are easily recog- 
nised by the tetradynamous stamens, the cruciform clawed 
petals and the peculiar fruit with the false septum 
(silique). 
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C APPARIDEiE. 


The Veiai ( Uynandropsis pe ntaph ylla, DC.) plant of this 
family is an annual herb growing in waste places and it emits 
a peculiar strong smell. 

The plant- is erect, and branches well. Leaves are alter- 
nate, exstipillate, long stalked, palmately compound ; leaflets 
five, sessile ovate-elliptic, acute, entire and hairy on both sides. 
Inflorescence is a terminal receme, at first corymbose and 
afterwards lengthening into a regular elongated raceme. 

Flowers have bracts consisting of three sessile leaflets and 
long viscid! y hairy stalks. Sepals are four, free, lanceolate. 
Petals are also four, white and clawed. There are six sta- 
mens that are attached to the gynophore, which carries on its 
summit the ovary. Fruit is unilocular, with parietal 
plaeentation and dehiscent. 

This family is well represented in South India and the 
most common genera occurring in a wild state are Cleome, 
Oapparis and Cadaba. The genus Cleome differs from 
Gynandropsis in not having a gynophore, but resembles it in 
other respects. In Oapparis we have indefinite stamens and 
they are not attached to the gynophore. The fruit is a berry 
and not a dry capsule as in Cleome. 

Cleome Chef idonlK LX, is a weed of clayey soils 
easily recognised by the rose-coloured flowers. Cleome 



viseosa, L., is another one 
found everywhere and it 
is a sticky plant, as its 
name indicates and hears 
yello w flowers, 

(Jajjparh sepia via, L„ 
forms thick ini penetrable 
bushes and flourishes 
everywhere in the 
scrubby ,j angles of ' South 
India. There are sti pil- 
lar l h oft is. The flo wers 
are white, small and in 
umbels. The fruit alone 


is borne by the gynophore and it is a berry. 
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Caclaba indica, L., is another straggling shrub with simple 
oblong leaves and greenish flowers commonly found in this 

country. The flower has 
four stamens borne by the 
gynophore and the most 
striking feature of the 
flower is its tubular disc 
projecting from the centre 
of the flower. The fruit is 
torulose and the seeds are 
surrounded by a red aril. 

Characters of the 
Order . — The plants of this 
family are herbs, shrubs or 
trees. Leaves are alternate, 
with or without stipular 
thorns, simple or compound. 
Flowers have four free sepals and petals with definite or 
indefinite stamens, attached to the gynophore or not. The 
ovary is one-celled, stalked or not. Fruit is capsular or 
berried, unilocular with parietal placentation. 

^Malvace.®. 

The common garden Shoe-flower {Hibiscus Bma-simmis, 
L.) is a good representative of this family. It is a shrub, 
branching freely and bearing large showy axillary solitary 
flowers. Leaves simple, alternate with linear stipules ; 
petiole is short and the blade is .ovate with dentate margin. 

Flowers are large, the peduncle is jointed and there are 
six or more linear bracteoles at the base of the calyx cup 
which has five triangular teeth. The corolla consists of five 
large, red, free petals adhering at the base to one another 
and to the staminal tube, contorted in aestivation. Stamens 
are monadelphous forming a tube, antheriferous only at the 
upper half and the anthers are kidney-shaped and one- 
celled. Ovary is superior, five-celled, with axile placentation ; 
style is very long, slender, branching at the top into five 
stigmatiferous branches. The ovary does not develop into a 
fruit in the garden Hibiscus ; but in many species of Hibiscus 
the fruit is a loculicidally dehiscing capsule. 



Fici. 287. Cadalm indica , L. 
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The order is a large one and there are several species that 
have a wide distribution. The genera Sida, Abutilon, Urena 
and Pavonia are found everywhere. These genera differ 


Fig. 288. Abutilon fjraveolem , W. & A. 1 , flower cut 
vertically ; 2, fruit. 


from Hibiscus in several respects, though they are all alike 
in all essential characters. In all these genera, the fruit 


breaks into its component parts, i.e., it is a sehi 
bracts are absent in Sida, Abutilon and there are fiv 
in Urena, and Pavonia has five dr more. The st vie 1. 
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in Urena and Pavonia are twice as many as the carpels, but 
in Sida and Abutilon they are as many as the carpels. 

Several species of Malvaceae are under cultivation. The 
ordinary Cotton plant, Gossypium herbaceum , L., Hibiscus 
cannabinm , L., H. esculmPus , L., and H. mbdariffa, L., are 
all cultivated in South India. 

Thespesia populnea, Con*., is a common avenue and 
seashore tree. Other trees of this order which are of some 
economic importance are Eriodmdron cmfmctuosum, DC., 
and Bwribax malabdriciim, DC. 

The Characters of the Order. — Plants of this order are 
herbs, shrubs and trees. Leaves are alternate, stipulate, 
simple with palmate veins in some cases. Flowers are 
bisexual, axillary and solitary. Sepals are live, monosepal otis. 
Petals are five, free contorted and actuate to each other at 
base and also to the staminal tube. Stamens are united into a 
tube, indefinite ; anthers are reniform, ultimately one-celled. 
Ovary is three to five or many-celled, with axile placentation. 
Fruit is either a capsule bursting loculici dally or a schizocarp, 
with dehiscent or indehiscent cocci. Seeds are reniform, 
naked or hairy. 

Sterculiace.®. 

This family is represented by eight or nine genera in 
South India and as types the two species Mdochia corchori - 
folia, L., and Wa.ltheria indica, L., occurring as weeds all 
over South India, may be examined. 

Mdochia corcliorifolda, L., is an erect herb with stellately 
hairy branches. The leaves are simple, alternate, petiolate 
with small lanceolate stipules. The blade varies from oblong 
to ovate, serrate, glabrous above and stellately hairy belo w ; 
base of blade is five-nerved, rounded or cordate. 

Flowers are regular, pentamerous in all their parts, densely 
crowded in axillary or terminal clusters, and with bracteoles. 
Sepals are free, though slightly connate at base, lanceolate. 
Petals are pink in colour and longer than the sepals. Stam- 
ens are five and united at base into a tube. Ovary is fi re- 
ceded and two-ovuled. 

Fruit is a loculicidally dehiscing capsule ; it is globose 
Ind enclosed by the persistent calyx. Seeds are black, some- 
what angular and in each cavity there is only one seed, 
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W(Mwrki indica , L., is somewhat like Melochia 

corchonjhlia, L., in habit and in the structure and arrange- 
ment of the flower. But the ovary is one-celled and two- 
ovuled and the fruit contains only one seed. 

Helicteres Isora , L., is fairly abundant in all low jungles 
in South India and becomes very attractive when in flower, 
on account of the crimson flowers. The petals are irregu- 
lar, the stamens are tubular and the ovary has a stalk. The 
fruit consists of five linear follicles more or less twisted 
spirally. 

Several species of Pterospermum are found in the forests 
of low hills. The leaves of the trees of this genus vary very 
much and the fruits are loculicidal woody capsules, with 
winged seeds. 



The tree (juammta tomvutnsa, Kunth, is met with in 
many places as an avenue tree. The petals are concave with 
two strap-shaped narrow appendages at the apex and there 
are staminodes. The fruit is also striking in appearance, as 
it is woody and tubereled recalling to our mind the 
mulberry. 
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Characters of the Order . — The plants of this order are 
herbs, shrubs and trees. Leaves are alternate, stipulate, 
simple and shortly petioled. Inflorescence is eyinose, axillary. 
Flowers are regular usually bisexual, though in some species 
unisexual. Sepals and petals are five and free. Stamens are 
definite in number, free, with or without staminodes and 
anthers two-celled. Ovary is five-celled with axile placen- 
tation. Fruit is usually a capsule. 

The order is a tropical one. 

TILIACEtE. 

This order is also a tropical order and five genera occur 
in South India. The species Corchorus olitorms , L., or any 
other species of Corchorus may be taken as a representative 
of this order. 

Corchorus olitorms, L., is an erect plant sometimes 
growing to a height of four feet, with a tendency to branch 
freely. Leaves are alternate, very short stalked, with narrow 
stipules shorter than the petiole. The blade is ovate to ovate- 
lanceolate, serrate with, the two lowest teeth prolonged 
downwards as a tail, at base rounded and three to five- 
nerved. 

Flowers are in groups of two or three, axillary with short 
pedicels. Flower buds are distinctly angled, obovate and 
tipped with a cusp. There are five sepals and petals, both 
being free. Stamens are many, free, with two-lobed anthers. 
Ovary superior, usually five-celled. 

Fruit is a cylindrical capsule with ten ribs, five-celled 
with transverse partitions between the seeds. Seeds are 
somewhat triangular, dull black. 

Trmmfetia rfmrdmdea , Jacq., is another common weed 
with a wide distribution. This is easily recognised by its 
small globose fruits, covered with hooks. 

The species of Grewia are also very widely spread and 
they are conspicuous by their cymose inflorescence and 
drupaceous fruit. 

Another genus with many species mostly confined to 
hills is Eheoearpus. This genus has large flowers with 
laciniate petals and long linear anthers opening by pores at 
the apex. The fruit is a one-seeded, one-celled drupe. 
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The tree Berrya AmmonUla , Roxb., which yields the 
valuable timber, Trincomali wood, is a member of this 
family. 




Fig. 291. Oorchorus olitorius , L. 1, a branch ; 2, young flower-bud ; 
3, flower ; 4, stamens ; 5, pistil; 6, fruit ; 7, transverse section of 
fruit; 8, capsule burst open; 9 and 10, seeds. 



Characters of the Order . — This order includes trees, 
shrubs and rarely herbs. Leaves are alternate, simple, 
stipulate. Flowers are regular, bisexual. Sepals and petals 
are three to five. Stamens are usually indefinite inserted on 
the edge ol the receptacle, and free ; anthers two-celled. 

Ovary is seated on a distinct stalk (torus), two- to ten-celled. 

Fruit is one- to many-celled, dry or fleshy, dehiscent or 
indehiscent. 

Rutaceje. 

The common orange. Citrus aurantium, L., will serve as £. ; 

an example of this order. 

This is a tree with numerous spinescent young branches. 

Leaves are alternate, exstipulate, compound and unifoliolate 
with winged petioles. The leaflet is elliptic or oblong 
elliptic, studded with pellucid oil glands, entire or crenate. 

Flowers are clustered as small cymes. The calyx is 
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somewhat cup-shaped, usually five-toothed. Petals are 
usually five, white, linear, oblong, thick. Stamens vary in 
number from ten up to twenty or sometimes even more. 

Ovary is eight to many-celled. Ovules are many and 
biseriate and placentation axile ; the style is cylindric, 

prominent with a 
capitate stigma. Fruit 
is a many-celled berry 
with a leathery rind 
and fleshy hairs within 
the cavities growing 
from the inside of the 
pericarp. Seeds have 
a coriaceous testa and 
they are often poly- 
embryonic. 

Other species that 
may be examined are, 
Feronia eleph antum , 
Corr., sEc/le Marmelm , 
Corr., Murray a 

Km dg ii , Spreng, 3f. 
exotica , and Toddalki 
aculeata , Pars. 

Feronia elephantum , Corr., is a spinous tree with com- 
pound leaves. Flowers are unisexual, dull red and in 
panicles, both male 
and female flowers are 
found in the same 
panicle. The fruit is 
a berry with a woody 
rind. Seeds are im- 
mersed in pulp. 

Toddalia aculeata , 

Pers., is a very prickly 
shrub and it forms an 
impenetrable thicket 
on the plains, but on 

the hills it grows Fig. 293. Murray a estotiea, L. 
larger, ’ . 2, pistil. 




2, flower ; 3, longitudinal section of 
flower ; 4, fruit cut across. 


1, flower ; 


DESCRIPTION OF NATURAL ORDERS 


259 


Characters of the Order . — Many of the members of this 
family are tropical in distribution and consist of trees, shrubs 
and herbs and all parts abound in oil glands, though thes<* 
are more prominently seen in leaves as translucent glands. 
Leaves are simple or compound, alternate and without 
stipules. Flowers are bisexual usually with four or five 
petals and. a cupular calyx with the same number of teeth. 
Stamens vary in number from five to ten or more. There is a 
distinct disc inside the stamens. Ovary is four to many -eel] ed. 
style stout and stigma capitate. Fruit is usually a berry. 


Meliaceje. 


This is another family whose members are widely distri- 
buted in the warm regions of the Old and the New World. 
The common Margosa or Nim tree is a good representative 
of this family. 

Mel m A sadirachta , 

L., is a large tree with a 
straight trunk. Leaves 
are found crowded 
towards the ends of the 
branches. They are 
alternate, exstipulate, 
compound, odd pinnate. 

Leaflets are obliquely 
lanceolate or falcate, 
toothed, su b-op posite 
and vary in number 
from nine to thirteen. 

Flowers are regular, 
hermaphrodi te and 
in narrow axillary 
panicles. Calyx is 
finely hairy and deeply 
five-lobed. Petals are 
five, narrowly obovate 
oblong or spathulate, ciliate. Stamens form a tube narrow at 
base and somewhat broad at the top with recurved teeth, 
anthers are ten and opposite the teeth. Ovary is three-celled, 
style is longer than the ovary and the stigma is three- toothed. 

17 - A ; ; ' ■ . 



Fio.294. MpVhi Azadiraehta . L. 1, inflo- 
rescence ; 2, flower ; 3, longitudinal 
section of a flower ; 4, stamina! tube 
laid open ; 5, pistil. 
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Fruit is a drupe. Seed without endosperm, ellipsoidal, 
single with very thick cotyledons. 

Other members usually met with in the forests of South 
India are Cipadessafriiticosa , Bl., Anwora RoMtuJm , W. & A., 
Walsura piscidba , Roxb., and ffeynea trijuga, , Roxb. Some 
species of this order yield well known timbers. CMchrassia 
tabular is, A. Juss., yields the “ Chittagong wood ” or the 
white “Cedar.” The well known “satin wood” is the 
timber of Cfiloroxylon Swietenia , DC. Cedrda Toon a, Roxb., 
is another valuable timber tree known by the name Toon 
. or the Indian Mahogany. 

Amoora Rohituka , W. & A., has large capsular fruits with 
seeds each of which is immersed in a very conspicuous scarlet 
aril. 

Characters of the Order , — The order includes shrubs and 
trees. Leaves are alternate, exstipulate and compound. 
Flowers are regular, hermaphrodite and in axillary or 
terminal panicles. Calyx is four- or ftve-lobed. Petals are 
four or five, usually free, imbricate or valvate. Stamens are 
five to ten ; filaments united into a tube ; anthers are 
introrse. Disc is present or absent. Ovary is two- to five- 
celled ; style is simple with a capitate stigma. Fruit is a 
capsule, a berry or a drupe. Seeds are winged or not. 

RHAMNEiE, 

The tree Zizyphm Jujuba, Lamk., is a good type of the 

family . It is a small tree 
widely distributed in this 
country. 

The tree is generally 
small but branching very 
much. Leaves are alter- 
nate with stipular thorns, 
shortly stalked and 
simple ; the blade is 
ovate-elliptic, unequal at 
base, three-nerved, finely 
dentate, green above and 
densely hairy below. 

Fig, 295. Zizyphus Jujuba, Lamk. 1, leaf ; Flowers are in axil- 
2, flower ; 3, flower, cut vertically. la , v cymes, small and 
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greenish yellow. The calyx consists of five, free, triangular 
sepals, woolly outside, valvate in bud, keeled on the inner 
face and petals are five, concave, very small. Stamens are 
five, opposite the petals. Ovary is immersed in a ten-lobed 
distinct disc, two-celled ; style two-branched. 

The fruit is globose and drupaceous, one- or two-seeded. 

The other species of Zizyphus usually met with in South 
India are Z. (Enoplia , Mill., Z. riigosa, Lamk., and Z. xyhpy* 
rus , Willd. 

Scutia indica , Brongn., a straggling shrub occurring as 
bushes in all scrub jungles is a member of this family. The 
branches are armed with recurved prickles. 

Ventilago madrc ispatana, Ghertn., is another scandent 
shrub widely distributed ; it is easily recognised by the 
shining leaves with peculiar parallel close-set venation and by 
its winged fruits. 

Characters of the Order. — The species of this family are 
trees or shrubs, erect or scandent. Leaves are alternate 
stipules small or spinescent. Flowers are regular, bisexual, 
small, greenish and in cymes. Calyx has four or five 
triangular, keeled sepals that are valvate in bud. Petals are 
four or five, inserted on the throat of the calyx tube, small, 
concave. Stamens are four or five opposite the petals and 
embraced by them, and are inserted outside the disc ; 
anthers versatile. Diso is fleshy, filling the calyx tube, entire 
or lobed. Ovary is three-celled, immersed in the disc : style 
erect two- to four-fid. 

Fruit is either a drupe or it is winged. Seeds have 
endosperm. 

Most of the species are of the warm regions of the world 
AMPELIDEiE. 

This family is represented in South India by the two 
genera Vitis and Leea. 

Of the many species of Vitis commonly met with in this 
country, Vitis quad* ring a tar is, W all., may be examined as 
a type. 

Vitis qiiadrangu laris, Wall., is a well known quite com- 
mon climber, conspicuous by its fleshy, square, slightly 
winged stems with deep constrictions and simple tendrils at 
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SAPINDACEiE. 


the nodes. The axis though straight is a sympode. Leaves 
are alternate with petioles and somewhat ovate conspicuous 
small stipules ; the blade is ovate, sometimes lobed, cordate 
or rounded or cnneate at base. Flowers are in cymes that 

(§l are open and loose 

and the inliores- 
mdJr cences are usually 

I d9 i r^f » site the h af - 

\ y ) V\ , mm * lowers are regular, 

V J W small or whitish, 

\ j 1 I bisexual and tetra- 

1’ \ j ^ merous. Calyx is 

z small, four-toothed. 

L Petals are four, 

Fig, 296. Vitte quadrangular is, Wall. 1, flower- hooded. Stamens, 
bud; 2, flower-bud, longitudinal section ; 3, d 

flower, without the petals. are Opposite the 

petals. Disc is 

distinct, four-lobed. Ovary is two-celled, with two ovules in 
each cell. The fruit is an ovoid berry, red when ripe. 

The species of Leea can easily be recognised by their 
erect shrubby habit, compound leaves and large sheathing 
stipules. 

Characters of the Order.— The members of the family are 
shrubs, mostly climbing by means of tendrils. Leaves are 
alternate, stipulate, simple or compound. Inflorescence is 
cymose. Flowers are regular and bisexual. Calyx is four- 
or five -lobed, cup-shaped. Petals are four or five, concave, 
valvate in bud, caducous. Stamens are four or five, free or 
united ; but the filaments are opposite to the petals. Disc 
is large, annular. Ovary is two-celled in Yitis and six-celled 
Leea. Fruit is a berry. Seeds have endosperm. 


The common balloon-vine, Cardiospermiwi HaMcacabmn , 
L„ is a member of this family. It is a tendril climber with 
very wiry stems. Leaves are alternate, exstipulate, twice 
compound, with long petioles ; leaflets are lanceolate, coarsely 
toothed, slightly hairy or glabrous and have acute tips. 

Flowers are small, irregular, polygamous and are arranged 
in umbellate cymes ; the flower stalks are slender but the 
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peduncle is stiff and erect, with two tendrils just below the 
flowers. The calyx consists of four free sepals, the two 
outer being smaller and the two inner larger and thin. There 
are four petals, two large with scales and two small and lower 
with, small crested scales ; just opposite the small petals 
there are two glands representing the disc. Stamens are 
eight, eccentric with hairy unequal filaments. The ovary is 
globose, three-celled with a single ovule in each. 

Fruit, is a three-valved inflated capsule ; it is pyriform 
and compressed from top, and slightly winged at the corners. 
Seeds are black with a white heart-shaped mark or aril (hence 
the generic name Cardiospermum). 



Pig 297. Cardiospermum Halicaeabum,. L. 1, male flower 2, bisexual 
flower ; 3, fruit. Note the scales in 1 and the glands in 2. 

Another common species Cat ‘d i oxperm utu canescem , 
Wall., may also be examined. It differs from 0 . Halim - 
caJrnm , L., by having larger flowers, larger rounded capsules. 

Allophylm Cobhe , Bl., is a shrub very commonly met 
with in low forests and even in scrubbj jungles. It is easily 
recognised by the three foliolate leaves crowding at the 
extremities of branches, and the axillary racemes of small 
flowers, replaced later by small red berries. 

Sapindm emarginatus , Vahl., is the Soapnut tree. It is a 
large tree with compound leaves having four to six oblong 
einarginate leaflets and with large panicles of flowers. The 
fruit consists of three distinct fleshy lobes, each separating 
with a single large black seed. 

Doclomea vimtsa , L., is a low shrub with dioecious or 
polygamous flowers found in dry places, all over the plains. 
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It grows almost into a tree on high Mils. The plant is easily 
recognised by the crowded, lanceolate, shining lea ves and the 
winged capsules. 

Characters of the Order . — Except th e species of Cardio- 
spermum, all the other members of this order are either 
shrubs, or trees. The leaves are mostly exstipulate, and 
usually compound. The flowers are generally small, regular 
or irregular, polygamous or dioecious. There are four or five 
sepals that are valvate or imbricate in bud. We have the 
same number of distinct petals, that are unequal and some- 
times with scales as outgrowths. There is a disc which 
varies in its character. Of stamens there are usually eight, 
but in some species it may vary from five to ten. The inser- 
tion of stamens may be inside the disc or unilateral. The 
ovary is two-or three-celled, one-or two-ovuled. The fruit 
is indehiscent and fleshy or capsular. Seeds are aril late or 
not, but without endosperm. 

The members of this family abound in the tropics and are 
most abundant in America. 


Anacardiaceak. 1/ 

The mango tree, Mann if era indim, L„ may be examinee 
as a type of this family. It is a tree with a tendency to grow 
tad and large, containing an acrid juice in its branches and 
fruit. Leaves are glabrous and shining, and are crowded 
together at the ends of branches. There are found at the 
extremities of branches terminal scaly buds from which 
emerge young leaves, which are reddish in colour but 
ecoming green later. Leaves are simple, exstipulate, 
and the petioles are short ; the blade varies in 
shape from oblong to oblong lanceolate or lanceolate : the 
margin is entire, but sometimes wavy. 

Flowers are small polygamous and in terminal panicles, 
feepals are five, somewhat shorter than the petals, concave and 
ovate. There are five oblong petals with three ridges on the 
nner face and the margins reflexed. Disc is prominent 
fleshy and hve-lobed. There is a single perfect stamen 
inserted withm the disc, the others being small and ‘imperfect • 

JKSL3S* ° Vai '- V 18 -l ~edei 
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Fig* 298. Mnnijifera indim-. L. 
1. flower : 2, vertical section 
of flower. 


If ottier. Roxh. I . male flower : . 2 t . female flower 
female flower, loiigifiidiiial. section. 
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branches are low lying in sandy tracts. Leaves are large 
rounded at the apex. Flowers are in terminal panicles and 
the pedicels of flowers grow and become fleshy and massive 
bearing the fruit at its end. 

Out rad firs of the Order . — Most of the members of this 
family are trees with acrid juice. Leaves are alternate and 
exstipulate. Flowers are small, regular, polygamous, uni- 
sexual or bisexual and are in panicles. Sepals and petals 
are free and four to five in number. Stamens are same in 
number as the petals, or twice and are inserted inside a 
conspicuous disc. Ovary is superior, one-celled and one- 
ovuled. Fruit is a drupe. Seeds are large and without 
endosperm. 

^ LEGUMINOSJB. 

This family being a large one it is necessary to select as 
types three or four plants. 

The plant Crotalari a 
verrucosa , L., is a copiously 
branching shrub with quad- 
rangular stems. Leaves are 
alternate, simple with well 
developed, green, semilunar 
stipules ; the blade is large 
broadly ovate, with entire but, 
wavy margins and prominent 
veins. Flowers are large and 
are in racemes that are leaf- 
opposed. The bract is narrow, 
acuminate and shorter than 
the pedicel. The calyx is 
finely hairy outside with five 
triangular, acuminate teeth. 
The corolla is papilionaceous, 
and blue in colour ; standard 
is somewhat orbicular in 
shape ; the wings are shorter 
than the standard and the 
keel-petals which are equal to 
the wings in length are 



Flo 300. Teph rmkt rill om , Pm. 
1, Horal branch ; 2, flower ; 

3. petals ; 4, stamens and the 
pistil ; 5, fruit and seed. 
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completely united and are prolonged into a sharp curved beak. ~ 
The stamens are ten, monadelphous with dimorphous anthers. 
Ovary is monocar pellary, one-celled and man y-ovuled : style 
is long with a minute stigma. 

Fruit is a turgid, straight, sessile legume with ten or 
twelve seeds. 

Other species of Crotalaria that are of common occurrence 
are G . return , L., 0. biflora , L., 0. juneea , L., and G. medt- 
eaginea , Lamk. 

Tephrosia purpurea , Pers., and T. villosa , Pers., are found 
everywhere in South India. The flowers are in racemes and 
the corolla is papilionaceous and pink in colour. Stamens 
are diadelphous and the legume is flat and curved. 






3 » 




Fig. 301 Indigofera emteapkylla, L. 3, branch ; 2, flower ; 3, petals ; 

4, stamens ; 5, pistil 6, fruit ; 7, seed. 

Several species of Indigofera besides the cultivated indigo 
plant are met with . Indigofera enneaphyMc^ L., is a prostrate 
herb found in all waste places and amidst pastures. It has 
small compound leaves and small bright, de§p pink flowers. I. 
trita, L., is an erect plant frequently met with in all situations. 


w 


itiJ 
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The genus Indigofera is easily recognised by the hairs that 
are fixed by the centre, the keel-petals spurred on both 
sides, and the diadelphons stamens. 

The species of Leguminosas that have a papilionaceous 

corolla form a distinct sub- 
order Papilionaceae. There are 
many genera and species of 
this sub-order growing in 
South India in a wild state. 
The following are a few of 
them : Sesbania grandiflora , 
Pers., Ahrus precatorius, L., 
Teramnus laMalis, Spreng., 
GUtoria Ternatea , L., Rhyn- 
ehosia minima ,. DC., Des- 
mod/ium triflorum, DC., D. 
hiariieulatum , Benth., Ponga - 
mi a glabra , Vent., Zornia 
diphyUa , Pers., and Aly si- 
carpus moni lifer, DC. Besides 
these many species such as, 
Dolichos Lablab, L., Canavalia 
emiform/is , DC., Phaseolus 
Mungo , L., Vigna Catiang , 
Endl., Giver arietinum , L., 
Gaganus indicus , Spreng., and 
several others are under culti- 
vation. 

Ggssut miriculata , L., or 
Cassia* siamea , Lam., may be 
examined as a type of the next 
sub-order Gsesalpineas. The 
former is a shrub and the latter a tree. The leaves are 
compound in both and* the leaflets are oblong. The stipules 
are large and semi-lunar in G. miriculata and they are small 
and caducous in C. siamea. Flowers are in racemes, and 
corymbose, but simple in the first, and compound in the 
second. The calyx consists of five, free, petaloid sepals 
unequal, concave and quincuncially imbricate. There are 



Besmodium triflonm, 
DC. 
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five yellow petals with long claws, and they are imbricate in 
bud with the upper petal innermost. Stamens are ten, some 


Fig. 803. Phmeolm trilobm, Ait. 


only perfect, and three being barren ; anthers open by 
apical pores. The ovary is monocarpellary and one-celled 
with many ovules. 

Fruit is a thin flat legume dehiscing by both sutures. 
Seeds without endosperm. 

Oasst a Fistula , L., is a tree very conspicuous in the hot 
weather on account of the abundant drooping racemes of 
bright yellow flowers ancl kiig black cylindrical fruits, 
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Fi«. 304, Vigna Oatiany, Endl. 

The garden plant Gcesalpinia pulcherrima., L. 
Peacock flower) belongs to this sub-order. It is a low, 


Flo. 306. Phaseolm Mungo, L, 
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much branching tree with large terminal racemes of yellow 
or red flowers. The petals and sepals are very much as in 
Cassia, but the claws of the petals are more marked and all 
the ten stamens are fertile. The filaments are fine and' very 
long, sometimes hairy at the base. 


Fin. 306. Caxsia Fistula, L 
2, inflorescence ; 3, flower ; 4, 5, ft, stamens 


The tamarind tree, Tamwr Indus indica, L., is another 
example of this order. It is a large tree with compound 
leaves whose leaflets are sensitive to a certain extent to light. 
The flowers are in racemes, and they have both bracts and 
bracteoles. The calyx is somewhat elongated at the base in 
the form of a tube and has four segments only. There are 
only three petals with red veins, and three stamens. The 
fruit is a legume with a fleshy mesocarp. 

The genus Bauhinia is easily recognised by the two-lobed 
or cleft leaves and by the spathaceous calyx. 

As examples for the sub-order Mimosese the Babul, 
Acacia arabica , Willd., or any other species of Acacia may be 
examined t < 
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The Babul or Acacia arabiea > Willcl., is a small tree with 
numerous branches bearing stipular spines. Leaves are 
alternate, stipulate, with glands on the racliis, bipinnate • 



Fig, 307. Tamarmchs incMea, L. 

1, branch ; 2, floral parts ; 3, fruit ; 4, seed. 


leaflets are small. (See fig. 151-B.) Flowers are grouped in 
heads that are fascicled in the axils of leaves. There are 
two braeteoles. The calyx is bell-shaped with five very 
short teeth. Corolla is tubular, yellow with triangular lobes. 
Stamens are indefinite, very much exserted. Ovary is 
one-celled with many ovules. 

Fruit is a stalked, compressed legume covered with soft 
white hairs and indented on both sides between the seeds 
and hence tnoniliform, , * 
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.4 car la leiwoph Ima , Willd., differs from the Babul in 
having white flowers and pods not constricted. The yellow 

flower heads of A. 
Farnesiana , W illd., 
are very fragrant, 
hut the turgid cylin- 
drical legumes have 
an offensive smell. 
.4 ead a cm i china, 
DC., is a huge 
climber whose fruits 
are largely used as 
soap. The very 
much branched 
shrub Dichrostachys 
cinerea , W. & A., 
with its very pretty 
spikes of red and 
yellow flowers 
forms a special 
feature in some 
scrubby jungles* 
Another tall tree, 
quite conspicuous 
by its flat broad and 
thin fruits and white globose flower heads, is AIMzzia Lebbek. 
The plant largely used for hedges, PUhecolobmm clulce , 
Benth., possesses legumes 
circinately twisted and 
seeds with massive arils. 

Characters of the 
Order . — The members of 
this order are extremely 
varied in their habit. 

They are herbs, shrubs, 
climbers and trees. Leaves 
are simple or compound, 
alternate, usually stipulate. 

Flowers, regular or irregu- 
lar and bisexual. Sepals 



Fig. 309. Pitheco fohhtm tin he, Benth . 
1, branch : 2, 3, flower-head ; h 
flower. 



F ig. 308. A me, la arablca, Willd. 1, branch ; 
2, flower head ; 3, 4, flowers 5, fruit. 
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are five, free or united. Petals are five, free. Stamens are 
ten or indefinite, free or united in various ways. Ovary is 
monoearpellary, one-eelled and many ovuled. Fruit is a 
legume. 

S. order (1 )~Papilmuicece. — Flowers, papilionaceous, 
the standard being the outermost in the flower bud. The 
stamens are either monadelphous or diadelphous. 

S. order (2) — Gcesalplmce . — Flowers are regular but the 
petals are usually clawed and -the uppermost one is the 
innermost in the flower bud. Stamens are ten, all or only a 
few fertile and are much exserted ; filaments are always 
free. 

S. order (3) — Mimame . — Flowers are usually small, 
collected together in heads or spikes, bisexual, but also with 
male and barren flowers in the same head or spike in some 
genera. Sepals and petals are valvate in bud. Stamens are 
definite or indefinite, exserted and free. 

The most marked feature of this order is undoubtedly 
the fruit, which is a legume in most cases. But there is a 
large amount of variation in the structure of the fruit. We 
have dehiscent, as well as indehiscent dry fruits ; the 
pericarp is also pulpy in some eases and in others the fruit 
becomes very turgid and cylindrical ; there are also winged 
fruits that are really samaras. In spite of all these variations, 
they are all monoearpellary. 

This family besides being the second largest order 
containing over 6,000 species, comprises more useful plants 
than any other order, except probably Gramme*©. 

COMBRETACEiE. 

The tree Termhialia Arjunct , W. & A., is a good example 
of this family. This is a large tree with smooth greenish 
white bark, peeling off in large pieces. Leaves are alternate 
and subopposite simple and exstipulate, oblong to elliptic 
oblong, with short petioles. There are also two glands at 
the base of the leaf close to the petiole, one on each side. 

Flowers are in spikes, with short bracteoles. The calyx 
is campanil late with five triangular teeth. Petals are absent. 
Stamens are ten and inserted on the disk clothed with, hairs. 
Ovary inferior, one-eelled with two or three pendulous ovules. 
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Fruit is a fibrous- woody drupe with five hard projecting 
wings. Seed single and without endosperm. 

Instead of this 
species, Terminalia 
Gatappa, L., and T. 
Ghelmla , Retz., may 
be examined. 
Galycopteris fieri - 
Jnmda , Lamk., is a 
scandent shrub 
found everywhere 
on the West, Coast 
and it is easily 
recognised by its 
small ellipsoidal 
fruits crowned by 
the persistent calyx. 
When the stem is 
cut during hot 
weather large quan- 
tities of water flow 
from the cut ends. 

Gyrocarpus Jacquim , Roxb, (6r. americdmis , Jacq.) is a 
deciduous tree and is very conspicuous during the hot weather 
on account of the fruits with two large wings (see fig. 252) 
(Calyx segments). 

Characters of the Order . — This order is a very well defined 
one with only a few species. They are either trees, or 
scandent or erect shrubs. Leaves are alternate or opposite, 
simple, exstipulate and the petioles often bearing glands at 
the top. Flowers are in spikes and are small without petals. 
Calyx four to five fid. Stamens are free, equal or double the 
calyx lobes. Ovary is inferior, one-celled with two or more 
pendulous ovules. Fruit is usually dry and indehiscent, in 
some drupaceous and winged. Seed single, without endo- 
sperm, cotyledons convolute. 

Myrtace^e. 

The evergreen tree Eugenia Jambolana , Lamk., is a 
suitable type for this order. It is a large tree with coriaceous 
18 -a ■ ' . ' 



Fig. 310. Terminalia Arjuna W. & A. 
1, flower bearing branch ; 2, flower ; 3, longi- 
tudinal section of flower. 
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shining leaves that are opposite, exstipulate, gland dotted and 
petioled. The leaf blade is elliptic or oblong with an intra- 
marginal vein. Flowers are small in panicled cymes, usually 
fragrant and white. The calyx is short with four lobes. 
Petals are four, falling away in one piece, though free. 
Stamens are indefinite and the filaments are all folded 
inwards in the bud ; anthers are versatile. The ovary is 
inferior, two-celled, with many ovules in each cell. Fruit 
is a dark purple ellipsoidal or globose berry, with a single 
seed. #, 

The Guava tree (Psidhim Guyava , L.) may be selected as 
a type if species of Eugenia are not available. The leaves of 

this plant are oppo- 
site, oblong with 
very prominent 
veins. Flowers are 
large, solitary or in 
simple cymes. 
Fruit is an inferior 
berry with persist- 
ent calyx lobes at 
the top. 

Many species of 
Eugenia are met 
with in the forests 
of South 'India, 
On e of the common, 
est trees found 
scattered, here and 
there in the forests 
both on the East- 
Coast and West 
Fra. 311. P*hlium Gm/ara , L. Coast is Careya 

arborea , Roxb. It 

is a very striking one on account of its large obovate leaves 
collected at the ends of branches, large flowers and big green 
■berries." 

Characters oj the Order. — The members of this family are 
mostly trees though there are one or two shrubby species. 
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The leaves are opposite, simple, exstipulate, entire, gland- 
dotted with an intra-marginal nerve. Flowers are regular, 
bisexual, solitary, in cymes, or cymose panicles. The calyx 
is superior, with four or five teeth. Petals are four or five, 
free, inserted at the margin of the disk, falling away in one 
piece. Stamens are numerous, filaments long and conspi- 
cuously coloured and folded down in the bud. Ovary is 
superior, one-celled with one or many ovules. 

Fruit, is a berry with the calyx limb on its top, one-celled, 
one-seeded or with many seeds imbedded in pulp. 

Cucurbit ACEiE. 

The pretty common creeper of the hedges, Cephalandra 
indica , Naud., is a good example of this order. The plant 
climbs by means of simple tendrils and the stem is thin and 
grooved. The leaves are alternate, exstipulate, simple and 
petiolate ; the blade is palmately five-lobed and the depth of 
lobing varies very much from being very deep to mere angles, 
and there are five veins at the cordate base, sometimes with 
glands between the nerves. Flowers are dioecious. Both 
male and female flowers are axillary and solitary. The calyx 
is narrow, bell-sliaped and has five long teeth, and the corolla 
is eampanulate, white and five-lobed. The corolla and the 
calyx are similar in both the kinds of flowers. Stamens are 
three with the filaments forming a column. The anthers of 
two stamens are complete but that of one is half and they are 
all united. The anther lobes are long and sinuously folded. 
The ovary is inferior, narrowly fusiform, glabrous, one-celled 
with three parietal placentas, ovules many. There are three 
bifid stigmas. 

The fruit is a berry, ellipsoidal or oblong with white stripes 
or not, beautiful scarlet in colour when fully ripe. Seeds are 
o bo void. 

Any of the cultivated species of the genus Cucurbita may 
also be examined. These are all large climbers with hairy 
stems and large leaves, and the tendrils are usually three or 
four-fid. Flowers are very large, yellow and monoecious. 
The calyx, corolla and the stamens are all like those of 
Cephalandra, but are larger. Fruit is a large berry with 
parietal placentas (Pepo). 
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Many of the members of this family are cultivated. All 
the Gourds, Cucumbers and Melons belong to this family. 
The plants, Cmumispnlmcms , Willd., and G. trig onus , Roxb., 
occur in a wild state and they differ from Cephalandra and 
Cncurbita in having their connectives produced beyond the 
anther lobes forming a kind of crest. Trichosanthes miguinn, 
L., or the Snake gourd has fimbriate petals and the Bitter 
gourd, Momordim Gharantia, L., is easily recognised by its 



Fig, 312. Ctumrbita wmehata, Such. 1 , branch ; 2, female 
and 3, male flower. 

fleshy tubereled fruits. C it ml his Colacynthis , Schrad., is 
found in all waste places and is conspicuous by its palmately 
deeply lobed leaves anti by the intensely bitter globose fruits 
with white streaks. Gtenolepis Garcini, Naud., with its pretty 
tiny scarlet fruits, and large stipule-like bracts and MuJna 
scahrella. Arm, with its round bright red berries are occasion- 
ally met with, all over South India. * 

Character# of the Order. — This is a very well defined 
order, consisting mostly of climbers with hollow stems and 
simple or branched tendrils. Leaves are simple, alternate, 
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exstipulate, cordate at base, entire or palmately lobed and 
with coarse hairs. Flowers yellow or white, monoecious or 
dioecious, solitary or racemed. The calyx tube is adnate to 
the ovary and so the calyx lobes are superior. The sepals and 
petals are five in number. Petals are united, rarely free. 



FiO. 813. Trichomnthes angidna, L. The left hand figure is a branch 
with female flowers and the right hand one is an inflorescence of 
male flowers. 

Stamens are three attached to the calyx tube ; anthers free or 
cohering, lobes condu plicate or flexuose, and the connective 
produced beyond the apex of the anther or not. Ovary is 
inferior, three carpellary, but one or three celled with three 
parietal placentas. Fruit is a berry with a hard rind. Seeds 
many and usually flat. 

FlCOIDEeE. 

This is a small order represented by a few genera. The 
most troublesome weeds Trianthema monogyna , L., and T. 
decandra , L., are plants of this order. Both are herbs with 
prostrate branches springing from a stout root. The leaves 
are petiolate, opposite, unequal and entire ; in the former it 
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is round or obovate with petioles somewhat dilated and 
membranous at the base and that of the smaller leaf forms a 
pouch in which the flowers are situated ; in the latter the 
leaves are elliptic-oblong and the petioles are dilated and 
amplexicaul at base, but do not form pouches enclosing 
flowers and fruits. 


Fig. 314. Trmitlmna mmofiyria, L. 1, branch; 2, flower ; 3, stamens ; 
4, pistil ; 5, fruit ; (1, vertical section of fruit; 7, seed; 8, leaf 
pouch opened to show the position of fruit. 


Flowers are solitary, sessile and within the petiolar pouch 
in T. monogyna, but they are in axillary dichasiums in 7\ 
decandra. Calyx consists of five deep lobes bearing a short 
process at the apex and coloured light pink within. Petals are 
present; There are ten to twenty stamens in T. monogyna , 
ten stamens only in T.drcandra . Ovary is free, superior, 
e and truncate. Style is single in T. monogyna and two 
T. dmtndrcL Fruit is a capsule, membranous below, and 
hardened into a cap above, which gets detached by circum- 
dehiseence. Seeds' are three to five, black, reniform or 
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Tricmthema erystalMna , Vahl., is also fairly common in 
open waste places. It is a small much branched herb, with 
prostrate branches and woody root-stock. 

Many species of Mollugo are also met with as weeds 
everywhere. Mollugo fiirta , Thunb., is extremely common in 
clayey soil aiid tank beds, and this plant can easily be 
recognised from its densely stellately hairy leaves, and the 
seeds are appendaged with a small scale and a filiform process. 
Mollugo Cerviana , Ser., is very conspicuous on account of its 
numerous filiform branches and narrow leaves in whorls. 



Characters of the Order.— Aft the plants of the family are 
herbs, annual or perennial. Leaves are simple, fleshy, 
opposite, alternate or falsely whorled. Flowers solitary or 
cymose, bisexual and without petals. Calyx is five-lobed. 
Stamens are definite or indefinite. Ovary is superior, two to 
five-celled. Fruit is a capsule with circumcissile or dorsal 
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dehiscence. Seeds, small, remform, compressed, with 
endosperm. 



Fig. 316. Moling o hirta, Thunb. 1, branch ; 2, flower ; f 3, stamens ; 
4, staminode ; 5, pistil ; 6, fruit cut across ; 7, fruit cut vertically j 
8, seed with appendage. 


RUBIACEJ3. 


In Morinda tinctoria , Roxb., we have a good example of 
this order. It is a small tree with thick white irregularly 



Fig. 317* Morinda tinctoria, Roxb. 1, node ; 2, corolla ; 
3, fruit ; 4, style. 
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furrowed bark and crooked brandies and young branches 
triquetrous. Leaves are opposite, simple, shortly petioled 
with connate interpetiolar stipules : the leaf blade is glabrous, 
elliptic or elliptic oblong, with entire margin and an acute or 
subacuminate apex. 

Flowers are white and are collected together in heads borne 
by long peduncles that are leaf-opposed. The calyces of all 
the flowers are fused together, only a small portion at the top 
being free. The corolla is superior, tubular with five lobes. 
Stamens are five, epipetalous and included. 

The fruit is globose, fleshy and it consists of the fused 
enlarged calyces of all the flowers, with many one-seeded 
drupelets or pyrenes. Seeds have endosperm. 



Fig. 318. OldenlancUa paniculata , L, 1, branch ; 2, node ; 

3, corolla ; 4, top view of fruit ; 5, fruit cut across. 

Oldenlanclia umbettata , L., is a common herb of this family 
which may be examined next. This is an annual with 
numerous branches and linear, sessile, opposite leaves. The 
interpetiolar stipules are cut into bristles. Flowers are borne 
by long axillary peduncles, as cymose umbels. Flowers are 
tetramerous, and the ovary is inferior, two-celled, with 
numerous o vules. Fruit is a globose capsule with persistent 
distinct calyx teeth on its top. Seeds are small and many. 

Other species of common occurrence are the following *. — ■ 
Oldenlanclia panimlata, L., 0. aspera, DC., 0. Heynei, Br 
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Baud id dmnetorum. Lamk., CantMum parvrfloriun. Lamk., 
and Spmnaeoce impida , L. Bandia dumetorum , Lamk., has 
large white flowers on short branches and it is a shrub armed 
with decussate spines and has large ovoid or ellipsoid fruits, 
CantMum parvifiormn , Lamk., is a low shrub with sharp 
axillary spines, met with everywhere in scrubby jungles and 
waste places. Flowers of this plant are greenish white and the 
fruit is a didymous orange-yellow drupe. One of the most 
widely distributed weeds of the cultivated land is Spermacoee 
Mspida , L. It is a prostrate herb with roughly hairy 
quadrangular stems and flowers are clustered at the nodes 
within the stipular cup. The fruit is a hairy capsule with 
two dark brown plano-convex seeds. 

diameters of the Order .— This is a tropical family and it 
has many species (about 4,000). The plants of this order 
consist of trees, shrubs and herbs, and vary very much in 
thei r habit. Leaves are opposite or whorled, simple with inter- 
petiolar stipules. Flowers are regular, tetra or pentamerous 
with an inferior two-to-ten-celled ovary. Fruit may be a berry, 
capsule or a drupe. Plants of this family are easily recognised 
by the inter petiolar stipules, opposite leaves and the inferior 
ovary* 

^ Composite. 

The common weed Tridap procumbens , L., introduced 
into India from South America is widely distributed and so, 
it may be selected as a representative of this large family. 

This plant is a perennial herb with hairy straggling 
branches, some of them ending in heads. Leaves are opposite, 
simple ovate or ovate lanceolate with irregularly toothed 
margins and an acute apex and is covered with scattered hairs 
on both sides. Heads are solitary on long peduncles, lietero- 
gamous and rayed. The receptacle is flat or convex and it is 
paleate. The outer involucral bracts are hairy outside and 
shorter than the inner membranous ones. The ray flowers 
are all female with light yellow, or cream-white ligulate 
corollas that are deeply three partite. The disc flowers are 
all bisexual and tubular. The calyx is represented by a 
pappus which consists of feathery bristles. The corolla is 
bell-shaped and five-lobed. Stamens are five, epipetalous and 
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the anthers are syngenesious, sagittate with 4 * short acute 
auricles” at the base of the lobes. Ovary is inferior, one- 
celled and one-ovuled and style arms of the tubular flowers 
are hairy only on the inner and upper surface. Fruit is an 
oblong achene, silldly hairy and crowned by the persistent 
feathery bristles of the pappus. 



A 


Fro. 319. Tridax procumbent , L. A. branch ; B, stamens with 
syngenesious anthers. 

Vicoa cmriculata , Cass., is another common herb of very 
wide distribution. This is an erect rigid herb with numerous 
ascending slender branches. Leaves are sessile, oblong or 
oblong-lanceolate, dilated and auricled at base and hairy op 
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both sides. Heads are heterogamous, rayed and on long 
peduncles. Involucral bracts are many-seriate, slender, linear, 
membranous, the outer being shorter. The receptacle is flat, 
epaleate. Corollas of the ray flowers are ligulate ; ligule 
yellow, long, three-toothed at the free end, and that of the 
disc flowers are tubular. Anthers are svngenesious and bear 
tails at the base of the lobes. Achen.es are small, covered with 
scattered hairs and have pappus hairs (no pappus hairs in the 
achenes of ligulate florets). 

Vernonia einerm. Less., is another herb of very wide 
distribution. The leaves of this plant are very variable in 
shape and hairiness. Heads are homogamous, small and are 
in lax terminal corymbs. All the flowers in a head are 
tubular and the involucre bracts are in many series, linear 
lanceolate, awned. Corolla of the tubular flowers is pink. 
The achenes are clothed with short white hairs and have two 
rows of pappus hairs. 

Many species of Blumea are also found widely distributed 
in South India. B. amplectm.% DC., B. bijoJiata , DC., and 
B. Wight! ana, DO., are quite common. The flower-heads in 
Blumea are heterogamous, anthers have tailed bases and 
the pappus is one-seriate. In wet situations Ed) pin alba, 
Hassk., is sure to be found. The heads in this plant are 
heterogamous and the achenes of the disc are all thick and 
they are covered with some kind of excrescences. 

fjactma Heyneana, DC., is a troublesome weed of the 
waste places and it is easily recognised by the pinnatifid 
radical leaves, and the numerous erect branches terminating 
in long cylindrical narrow heads which consist of all ligulate 
flowers. Another weed, a native of America, now found in 
South India is Lagcmea mollis, Cav. It is a slender, softly 
hairy herb, gregarious in habit and the heads are compound 
consisting of clusters of small heads. Flowers are all 
tubular. 

Xanthimn StrumaHum, L., is another troublesome plant 
growing in beds of tanks and paddy fields when they lie 
fallow. Flowers are monoecious. The heads are either of 
hermaphrodite flowers (then they are sterile) or of female 
flowers which are always fertile. The female head consists 
of two flowers. The fruit is two-beaked and it consists of 
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two aelienes completely within the involucral bracts grown 
and covered with prickles. 

Characters of the Order . — This family embraces over 9,000 
species and is one of the largest among the flowering plants, 
and it is widely distributed throughout the world. 

All the members of this family are herbs and shrubs, 
with usually exgtipulate, alternate (rarely opposite) leaves. 
Flowers small, sessile on the dilated end of the peduncle and 
enclosed by bracts (involucres). The heads may consist of 
all tubular bisexual flowers or the ray flowers may be ligulate 
and female or neuter, and the disc flowers tubular. Calyx 
tube is adnate to the ovary and the upper free portion is 
either absent or it consists of pappus hairs or bristles. The 
corolla is epigynous, ligulate in ray and tubular in disc 
flowers. The tubular corolla is bell-shaped, five-lobecl and 
lobes have marginal veins. Stamens are five, epipetalous, 
with syngenesious anthers and free filaments, anther lobes 
may be tailed or not at the base and the connective is usually 
produced upwards. The ovary is inferior, one-celled and 
one-ovuled. Fruit is an achene crowned by the pappus. 
Seed erect and without endosperm. 

The plants of this order are widespread and they are 
very aggressive and successful in occupying the land. The 
compact head, the easy accessibility of the honey to many 
kinds of insects and the pappus bearing achenes account for 
this. 

SAPOTACEiE. 


' Bassia longifolia , L., will serve as a type for this family. 
It is a large tree abounding in milky juice and the leaves are 
clustered near the ends of branches. Leaves are simple, 
alternate, stipulate, with linear-lanceolate, entire, acute, 
glabrous blades. 

Flowers are clustered like the leaves at the ends of 
branches. The calyx consists of four sepals in two whorls, the 
outer two enclosing the two inner. Corolla is fleshy and six to 
twelve-lobed, campanulate. Stamens are epipetalous, sixteen 
to twenty in two rows one above the other ; anthers are 
lanceolate with connectives produced above. Ovary is densely 
clothed with fine hairs and six or more-celled. Style is long 
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Fruit is a berry, somewhat found or oblong* with one or 
two seeds. Seeds haveiircnvn polished testa and endosperm. 

Two species of Miiftusopsare fairly common ; M. Elengi , 
L., is grown as an ornamental tree and M. Mmndra, Boxb., 
is found growing wild in all scrubby jungles and low hills. 
The flowers of Mimusops have stamin'odes and the calyx 
consists of six or eight lobes. 



Flo. 320. Btnshi hmjifidh, L. 1, branch : 2, flower bad; 3, open 
flower ; 4, corolla and stamens ; 5, anthers ; 6, pistil. 


Bass fa malabarica , Bedd., is very common on the West 
Coast, and differs from the other Bassia in having a corolla, 
hairy both in and out, a glabrous ovary, and lanceolate 
fruit which is glabrous. 

Characters of the Order . — All the members of this family 
are trees, abounding in milky juice. Leaves are thick, and 
clustered near the ends of branches. They are simple, 
alternate, and usually exstipulate (if stipulate, stipules are 
small and they fall away very soon). Flowers are small, 
regular, bisexual, axillary and crowded at the ends of 
branches. The calyx is four to eight-lobed and the , corolla 
is monopetalous with twice or four times the number of calyx 
segments. Stamens vary in number from twelve or sixteen 
to forty, one, two, or three-seriate : staminodes are present 
in some genera. Ovary is superior, two to eight-celled, but 
wit h solitary ovules in each. Fruit is a berry with one to 
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eight seeds. Seeds are ellipsoidal, usually with a polished 
testa and a long hihmi and without endosperm. 

Apocynaceae. 

The widely distributed spiny ever-green Carisscf xj)i- 
mtrnm L., will serve as a type. It is a low spreading shrub 
abounding in milky juice and with zigzag brandies branching 
in a eymose manner and bearing bifurcating sharp spines. 
The leaves are opposite, exstipulate, short petioled oblong or 
oblong-elliptic coriaceous and glabrous (though sometimes 
slightly hairy). 



Fig. 321, Vmcdpnsilla, L. 1, branch ; 2, flower ; 3, corolla 
and stamens ; 4, pistil ; 5, fruit ; 8 and 7, seeds. 


Flowers are white and in simple cymes or clusters of 
corymbose cymes. The calyx consists of five very narrow 
lobes. The corolla is hypocrateriform, with five lanceolate 
acuminate lobes, twisted to the right in the bud. There are 
five epipetalous stamens with very short filaments. Ovary is 
two-celled with two ovules in each cell. 

Fruit is a berry with four seeds, dark purple when ripe. 

Vinca rosea , L., is a garden plant grown every where and 
it differs from the above in some respects. Flowers arise in 
pairs from the axils of leaves and the corolla is liypocrateri- 
form, white or pink in colour. Calyx consists of five very 
19 
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narrow lanceolate lobes. The corolla tube is. .'slightly swollen 
at the throat just below the -.attachment of the limbs. Sta- 
mens' -are five, inserted on the tube just in the dilated portion 
of the tube. Filaments are very short and the anthers just 
lying close to the stigma, but free from it. Ovary consists of 
two free carpels and there are two glands alternating with the 
carpels ; style is long, filiform but the stigma is large, drum- 
shaped, or hour glass shaped, with a hyaline frill at the base 
all round. The fruit consists of two follicles with small 
rugose black seeds. 

Vinca pusilla is a weed resembling Vinca rosea very 
much in all its parts, but only smaller. 

Wrighfiu tinctoria , Br„ is a small deciduous tree with 
milky juice. Flowers are white and in terminal diffuse 
dichotomous cymes. The corolla has fimbriate scales and 
five sagittate anthers united so as to form a column adhering 
to the stigma. The fruit consists of two follicles having 
linear hairy comose seeds, 

* - Nerium odor urn, Soland., is another shrub very commonly 
grown for its flowers. Leaves are in whorls of three, lanceo- 
late and the flowers are pink and in terminal panicles or 
irregular dichotomous cymes. Both the corolla and the 
connective have appendages. Fruit consists of two follicles 
and seeds are hairy and comose. 

Characters of the Order , — The members of this family 
are trees, shrubs (erect or climbing) and herbs. They usu- 
ally contain a milky juice. Leaves are simple, opposite or 
whorled and entire. Flowers are regular, bisexual and in 
cymes. The calyx is deeply five-toothed and the lobes are 
imbricate in bod. Corolla is tubular, rotate or hypocrateri- 
form, five-lobed and lobes twisted. Stamens are five, 
epipetalous, with very short filaments ; anthers are usually 
sagittate. Ovary is usually two-celled, united or separated 
into carpels. Fruit is a berry or a follicle. Seeds are with 
coma or wing, or without these. 

ASCLEPIADEiE. 

CaMeo*m ifigantm, R, Br., is a member of this order 
This plant is a shrub foun l all over the country, and abounds 
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in. milky juice. The whole plant is covered with appressed 
white cottony tomentum, which can easily he rubbed off. 
Leaves are large, opposite, exstipulate, sessile or very shortly 
petioled, elliptic-oblong to Gbovate-oblong, thick, entire and 
the base narrow or cordate. 



Fig. 32*2. Ccdotroph gigantea, R. Br. I, flower bud ; 

2, flower ; 3, pistil ; 4, anther ; 5, pollinium. 

Flowers are large purple or bluish pink and arranged in 
lateral umbles ; pedicel is fine and covered with cottony 
wool. The calyx is five-partite, and the segments are short 
and triangular. The corolla is rotate, five lobed ; lobes are 
broadly triangular, acute and valvate in bud. The stamens 
are united so as to form a column and this column has five 
coronas in the form of laterally compressed thick plates : 
anthers are broad, membranous, united with the pentagonal 
stigma. Pollen is massed together as pollen masses, and each 
anther-cell has a single pendulous pollinium. The ovary is 
two-celled, carpels are free with free styles, but with a large 
single pentagonal stigma. 

19- A 
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The fruit consists of a single' large follicle (very rarely 
two) containing comose flat seeds. 

Some of the members of this family are met with in 
thickets and hedges as twiners. For instance Dcmua e.rtmsa, 
Br., is a frequently seen twiner with flowers haying both 
corolline and staminal coronas, and follicles covered with 
soft spines. Leptadenia reticulata , W & A., is another coarse 
climber with clear or slightly yellow acrid juice, and opposite, 
glabrous coriaceous leaves. The flowers have both corolline 
and staminal coronas, and the petals have a small hairy 
process at their tips on the inner face. 

The genus Ceropegia is a very striking one on account of 
its corolla, which is tubular, inflated below and above, but 
ending above in five lobes which cohere in different ways. 

There are a number of plants of this order that have 
adapted themselves to a xerophytie life. The genus Hoya 
has very fleshy leaves and the species thrive even under very 
dry conditions. Sarcostemnm brevistigma , W & A., 
Boucerosia umbeUata , W & A., and Caralhima adscendms , 
Br., have very fleshy green stems without leaves and, even 
when developed, they appear when young as small scales and 
then drop off. The first one is a creeper with a leafless 
cylindrical green stem and white flowers in umbels, and the 
other two are small plants with very succulent square green 
stems and large flowers. 

Characters of the Order. — This is a large order consisting 
mostly of twining shrubs and herbs with a milky juice. 
Leaves are opposite, exstipulate, and simple. Flowers are 
regular, symmetrical, pentamerous and in umbels. The calyx 
is usually divided, down to its base into five small segments 
and the corolla is five-lotied, rotate or tubular and in some 
genera provided with corona. Stamens are five and the 
filaments are united so as to form a fleshy tube and with 
outgrowths at the back (corona) anthers are free or united 
to the stigma : pollen grains are found in masses (pollinia) 
and eacli pollinimn may have a stalk (eaudiele) and a gland 
(corpuscles). 

The ovary is superior of two one-celled free carpels; 
ovules are many. Fruit consists of two follicles, but often 
only one is developed, and seeds are flat and comose. 
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The two plants Tricftodesma indicitm , Br., and Heliotro - 
pium ovalifolium , Forsk., are typical examples of the 
family. 

THchodemna ; hidi'eum, Br., is a low annual with many 
hispid, branches, flourishing in dry situations. Leaves are 
y? simple, opposite and also 

alternate, sessile, exsti- 
W pulate, linear-oblong or 

oblong-lanceolate, entire 
jftfK $ and cordate at base ; the 

l upper surface is covered 

with stiff hairs spring- 
iog from tubercles that 
appear as white circles 
1 when dry and the lower 

surface is more hairy, but 

Flowers are solitary, 
if y & leaf-opposed, with pale 

JpW If I blue corollas. The calyx 

I is deeply five-lobed, 

0* A covere< ^ with long stiff 

i/lr ^ hairs and grows in the 

fruit ; the lobes are 

lanceolate, acute and 
M prolonged at the base and 

^ ™ hence hastate or auricled. 

If The corolla consists of a 

short tube and five 

(| | spreading lobes that are 

^ * somewhat ovate triangu- 

Fig. 323. A branch of Triehodesma lar hl shape : the lobes 

indicimi , Br. have a brown patch at 

their bases and end in 
pointed processes which are short or long (then twisted). 
Stamens are five, epipetalous, with very short filaments ? the 
anthers are oblong or lanceolate and united into a cone and 
are hairy outside; the connectives are broad outside, 
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celled and four-ovuled. There Is no style and the stigma is 
conical with a few hairs at the top. The fruit breaks into 
four nutlets. 


Other species of Heliotropium occurring in South. India are 
H. indicum , L., U, supimint, 3h* and H. -marl folium, Retz. 



Fig. 325. Heliotropium ovcilifoliuni, Forsk 


Coldenia procumbent L., is a diffuse prostrate herb 
usually found in paddy fields, easily recognised by the 
branches which are lying quite flat on the ground with 
crisped hairy leaves and solitary axillary flowers. 

Borne members of this family, Oordia Myxa , L., G. 
monoiea, Roxb., and C. Ratlin , R & S., are small deciduous 



2, corolla : 
>, fruit ; A 


F ro, 326. ffeliotrtjpmm ( 
3, corolla laid open 
segment : 7, seeds. 


< ihdmrtm* of the- Order .- The plants are neros, m . » - 
trees. Leaves are simple, alternate (rarely opp^^ aml 
exsti palate. Inflorescence is usuaHy a suppressed 
tomons cyme. Flowers are regular and bisexual 
is five-partite, persistent, the corolla is tubular, 

Stamens are five with short filaments, epipetalons t m . 
two to four-celled with one ovule m each cell, liuit 
either a drupe or it divides into four nutlets. _ . 

Thi S order is a cosmopolitan one with many species widely 
spread in temperate climates and in the tropics. 
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CONVOLYULACEiE. 

The small herb ' Emtvulm alsinmdes, Wall., grooving 
amidst grass in waste places may he chosen as a type. This 
is a perennial and produces • numerous wiry stems covered 



with long, soft hairs. Leaves are small, alternate, exstipnlate, 
variable, elliptic oblong and densely clothed with soft 
adpressed hairs on both sides. Flowers are solitary, peduncle 
;jointe< 1 . T h e calyx con sists of live, narrow free sepals densely 
covered with silky hairs. The corolla is rotate, bine. Sta- 
mens are five, epipetalons. Ovary is superior, tvvo-celled and 
four-ovuled ; Styles are two, distinct and bifid at the tip. 
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Fruit is a globose four-valved capsule containing four 
glabrous seeds, 

Tlie genus Ipormea is quite characteristic of this family 
and any one of its numerous species may be examined. 
Most of these are twiners and a few are prostrate ones. The 
calyx is of five unequal, free sepals (quincuncially) imbricate 
and, in some, enlarged in fruit. The corolla is monopetalous, 
funnel or bell-shaped and the lobes are plicate and this is 
well seen even in an open flower. Stamens are Are, equal or 
unequal, epipetalous ; filaments in some dilated at base. 
Ovary is two or four-celled and four-ovuled ; style is filiform 
with a bi-globose stigma. Fruit is capsular, four-valved and 
four-seeded. Seeds are smooth, velvety, or even hairy. 



Fig. 328. Oourolrulus arvejms, L. 1, flower hud ; 2, flower; 3 
corolla laid open to show stamens; 4, anthers; 5, pistil; 6 
transverse section of fruit ; 7, longitudinal section of ovary ; 
. 8 and 9, seeds. 


(Ion volvulus urvrfisis, L„ and C. Jiotllvvianus, Chois., are 
also very common in certain regions. The former is a low 
twiner with underground branches and it is a persistent 
weed/ Its flowers and fruits are like those of Ipomoea, but 
the stigmas are elongate instead of bi-globose. 
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The parasitic plants Cuscnto refie,m , Eoxb., and 
ehinmsis , Lamk., are members of this family.. 

Characters of the Order . — These are herbs or shrubs, mostly 
twining, though a few are erect. Leaves are simple, alternate, 
exstipulate, and petiolate. Flowers are in cymes or solitary, 
regular and bisexual. The sepals are five, free and imbricate. 
The corolla is usually showy, rotate, bell-shaped or funnel- 
shaped. Stamens are five, unequal and epipetalous. The 
ovary is superior, two or four-celled with four ovules. Fruit 
is a capsule. Seeds are with scanty endosperm, and folded 
foliaceous cotyledons. 

This is another order cosmopolitan in its distribution, 
though abundant in the warmer regions. 



Fro 329. Solanmn Melongena , L. a, Rower ; h, corolla and stamens 
e, anther : </, pistil and calyx ; e, stellate hairs. 


SOLANACEiE. 

The widely cultivated brinjal plant Solatium ^Melongena, 
L„ is a good type of the family. This plant grows to a height 
of three to six feet and the whole plant is thickly coated with 
stellate hairs, and it is also armed with prickles. Leaves are 
alternate, exstipulate, petiolate, ovate sinuate or lobed 
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i be low with stellate hairs and with P™~« ” 

“^^t^axiiiary »«. «■.»«.»•> 

£ x rn| ie ca iyx is five-lobed, stellate 1> 

b “‘iTt « ”«• u “ f ™ 

'• * , “ nriSh Corolla la violet H rotate 

“STS ., eight), atelM.lv hairy o 
•nth. Mia and on the plaits. Stamens ole eq' 
,rolla lobes, epipetalous ; filament n is nil, alt > 
i vr onip.al nores. Ovary i.fe sll P u 


‘SSed flat seed; 


plant exhibits certain amount of van 
nder cultivation. On the same plant we 
r e 8 ix, seven or eight lobes and as m 
jtt shows many irregular cavities dm 
and development of the placenta. 


DESCRIPTION OF NATURAL ORDERS 


301 

Sol a mm i , ranihoearpum , Belirad and Wen&el., is a very 
prickly plant with diffuse branches very much like the 
Brinjal plant in the structure of its flowers, blit the fruits are 
smaller. 

Solarium torrum. Sw., is a shrub without prickles and the 
flowers are white. 

Solarium nigrum , L., is also a common plant easily 
recognised by the extra axillary umbellate cymes of reel or 
black round berries. The berries are sweet and are eaten in 
this country, but they are said to be highly poisonous in 
England. 

Capsicum, fi uiteseem^ L., and C. unnunu L., and Nicotiana 
Tahacum , L., are under cultivation. In all these, the anthers 
dehisce longitudinally and the fruit is a berry in the first two 
and a capsule in the third. 

Physalis, Withania and Nicandra have persistent enlarged 
membranous calyces covering the fruit. 

Characters of the Order . — The members of this family ar$ 
either herbs or shrubs. Branches in some species are svmpo- 
dial. Leaves are alternate, simple, petiolate and exstipidfite. 
Flowers are regular, pen tamer ous and bisexual and in extra 
axillary or lateral cymes. The calyx is inferior iive-lobed, 
persistent and even accrescent. The corolla is monopeta- 
lo us, rotate or f unnel shaped, with five lobes. Stamens are 
five, epipetalous with very short filaments and anthers 
dehiscing bv apical pores or longitudinally. Ovary is 
superior, two-celled. Fruit is a berry or a capsule. Seeds 
are without endosperm, usually compressed. 

Acanthace^e. 

The common weed Ruellia prostrata , La ink, is a good 
example of this family. It is a much branched herb, with 
long internodes and nodes slightly thickened and purple. 
Leaves are opposite, exstipulate, petiolate, ovate entire, 
sparsely hairy on both sides. 

Flowers are solitary, axillary, sessile, with two bracteoles. 
The calyx is divided to its base into five very narrow 
segments. The corolla is violet pink, monopetalous, tubular 
below, and funnel-shaped above, with five rounded lobes 
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twisted in bud to the left, but spreading out in-open flower. 
The stamens are e-pipetalous, didynamous. The ovary is 
superior, two-celled and many-ovuled with axile placentation : 
st yle long and hairy, stigma bifid but one lobe is very short. 

The fruit is a capsule somewhat club-shaped with a mark 
at the tip which, if wetted, brings about the dehiscence. 
Seeds are thin, discoid on hard funicles (retinacula) and 
there is a line of hairs at the margin. 



Ri ng la par vi. flora, Nees, is another plant met with in the 
bunds of paddy fields and ditches, amidst grass. It is a 
branched herb with slender glabrous branches. Flowers are 
in one-sided .spikes with bracts and bracteoles. The bracts 
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without flowers are: larger than those connected with the 
Mowers and both the bracts have searimis margins. The 
corolla is two-lipped’ with two epipetalous stamens. The 
anther lobes are placed one above the other and the lower lobe 
has an appendage. The f ruit is a small com pressed capsule. 

Hygrophila spinosa, T. Anders., is another, common stout, 
erect herb with many straight branches bearing long spines 
at the nodes, growing in moist situations such as ditches 
amidst paddy fields. 



Fig. 332. Ruugia pawiflora, Nees. 1, bract and braeteoles ; 2, calyx ; 
3, 4, corolla ; 5, anthers ; G, pistil ; 7, fruit ; 8, seed. 


Other plants of common occurrence are A ndroyr aphis 
echi aides, Nees., Bhpharis rnolhigin ifolia, Pers., Justicia 
procumbms , L,, and Barleria Pr ion it is , L. Androgr aphis 
erh hides , Nees., is easily recognised by its inflorescence con- 
sisting of white corollas, gl an dularly hairy sepals, bracts and 
braeteoles ; Bhpharis moi lag ini folia, Pers., has wiry prostrate 
branches with whorled leaves and solitary flowers with three 
or four pairs of decussating braeteoles and a corolla with a 
three-dobed lower tip and without the upper one. In Justicia 
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the hewers are small and in terminal spikes and Bnrlena 
Prion Hi* is conspicuous by its regular orange tubular corollas 
with two stamens and axillary spines. 

Chararter* of the Order .- Plants of this order are herbs or 
shrubs. Leaves are opposite, exstipnlate. Simple and he 
nodes are somewhat swollen. Flowers are hermaphrodite, 
regular or irregular, in cymes, spikes or racemes with biai. s 
md bracteoles. The calyx is usually deeply hve-lobed and 
Z corolla e,„»lly «• H vc-loberl. 

fuar two, epipetahms : anther lobes parallel and mat i 
superposed. Ovary is superior two-celled and mimy-^ed. 
Fruit is a loculicidally dehiscing capsule, heeds an man 
or few, discoid, compressed, smooth or hairy, sea u 
retinacula (hardened funicles), and there is no endosperm. 

Labtat.e 

The common weed. Lmtcax nspera , Spreng.. will hi u as 

a good example of this family. . 

" This is a diffusely branching annual with hairy, square 
stems The whole plant possesses a strong smell, hour. 
;,e exstipnlate, opposite, sessile or with a very short petiole, 
linear, coarsely eremite and hairy on both the surtaces. 

Flowers are sessile and collected together in congests 
( -vn es ( verticillasters) in the axils. Bracts are linear, acute 
with long hairs on the margins. The calyx is monosepalous, 
persistent, tubular, bent and constricted below ; the uppu 
portion of the tube is ribbed and hairy, but the lower ia 
glabrous and membranous : the mouth of the tube is > o bhque, 
with the small upper teeth projecting above. IhuoA 
white and labiate ; the upper lip is narrow and very dense! 
woolly ontsiile, „„1 the low 11,. is bred tat 
the midlobe being the largest and obovate and the latent 
smaller. The stamens are epipetalous, dulynamous and 
included within the upper lip ; anthers are ret . le ova 
• o-n-rinr deeply four-lobed and is surrounded by a lobed- 
ilisk! The Style is long anti it rises from the middle ot the 
four lobes (gynobasic). 

The fruit consists of four oblong nutlets, rounded at the 
back and angled inside. 
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Other plants that are easily procurai 
eanwm Sims., 0. sanctum, L., 0. Basil hi 
simeles mahtbarica , R. Br. All these plai 
The Ociinmns have a labiate corolla wit 
broader and four-lobed and a narrow lower 
upper stamens have hairy appendages at 
somele* nmlabarica , R. Br., is a very softly 
a large, pinkish, two-lobed corolla and £ 
distant cymes. 
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tubular, labiate. The stamens are epipetalous and didynarnous 
or all four equal and all or only two perfect. The ovary is 
superior with a lobed disk and a two-fid long slender style, 
which is apical or gynobasie. Fruit consists of four nutlets. 

Amarantaceje, 

Achyrcmthes aspera , L., growing in hedges and thickets 
all over South India is a representative of this family. 

This plant produces 
only a few straggling 
branches and the axis 
is rounded and striate. 
Leaves are exstipu- 
late, simple, opposite, 
petioled, obovate or 
rotund and finely 
hairy on both sides, 
and margins entire 
wavy. 

Flowers are in 
terminal spikes, stiffly 
deflexed and crowded 
on the axis. Both the 
bract and the bract- 
eoles are ovate and 
spinescent, persistent 
and become hardened 
in fruit. The perianth 
consists of five ovate 
oblong or lanceolate, 
shining, glabrous 
sepals, that are green- 
ish or reddish at the 
■Fig. 335. Achyrcmthes aspera, L. edges, with spinescent 

apex and membranous 
margins. These become hardened and persist with the fruit. 
There are five stamens alternating with five truncate, 
fimbriate staminodes. 

Fruit is indehiscent with a membranous hardened pericarp 
(utricle). Seed is cylindric. 

20-4 
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Anunvntm ru irU.% L„ A.spinosns, L„ and .4. oangrticu*. 

L„ are verv common plants ; the first two occur as weeds m 
waste places and the third is largely cultivated. 1 he flowers 
are generally small, unisexual and monoecious. 

Many plants of this order grow as weeds in the fields and . 
he most common ones are the following : Celosiu anjmtm , : 

L. (most abundant in 
dry fields and very 
conspicuous on account 
of its glistening white 
spikes, pinkish at first) 
Aetna Janata , Juss., 

A, javamca, Jtiss., and 
A. Jj (imsonia.j Mart. 

In hedges and in 
thickets Pupal i a atro 
purpurea , Moq., flou- 
rishes and it is easily 
recognisable from its 
inflorescence, in which 
the flowers are grouped 
in threes and the two 
lateral flowers become 
hooked spines, and 
remain attached to the 
middle one and persist 
with the fruit, resulting 
from the middle flower. 
Alternanthem sessilis, 
Br., is a plant found 
growing in damp 
JF if* « S3G . Amamiitua emilis,. L. places. 

GMniders of the Order.— All the members of this family 
are herbs. Leaves are exstipulate, simple, alternate or opposite. 
Flowers are hermaphrodite or unisexual, monoecious,, m 
spikes or clusters. The perianth consists of five scarious 
persistent sepals. Stamens usually vary from one to five, 
and staminodes may he present or not. The ovary is one- 
celled and with one or many ovules that are erect or sus- 
pended from a funicle, Fruit is a membranous utricle, 
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Seeds usual ly orbicular, black polished and compressed; 
embryo coiled and in floury endosperm. 



Fid. 387. Amamhty# sphiosus, L. 1 , branch : 2, male flower ; 3, female 
flower ; 4, fruit , 5, base of utricle ; 0, upper lid of utricle ; 
7, seed. 

EUPHORBIACEiE. 

The order is a large one and the species differ very 
much in their vegetative parts and even in their flowers. 
Therefore it is necessary to select three types at least. 

AcaJi/pha mcltca , L., is a widespread common weed. It 
is an annual with numerous, long branches. Leaves are 
alternate, with very minute stipules, long petioled (the 
younger leaves short-petioled and older long-petioled), ovate 
serrate, three nerved at base. 

Flowers are unisexual and monoecious, and in axillary 
elongated spikes. Male flowers are very minute and are 
clustered towards the apex of the spike, and the female 
flowers are few at the base, and at the apex of the inflores- 
cence there is, a peculiar appendage (a female flower), and 
sometimes this contains a seed. The male flowers have 
four sepals and eight stamens and the female flower is 
provided with a large, leafy many nerved, dentate bract. 
The ovary is hairy and three-celled with a single ovule in 
each cavity. 
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The fruit is a small hispid capsule and it is concealed 
by the enlarged bract. Seeds are ovoid, smooth and 
brownish. 



Fia. 338. Amlypha, indka, L. 1, branch ; 2, female flower ; 3, male 
flower ; 4, terminal female flower ; 5, fruit cut vertically ; 
I), fruit cut across : 7, a stamen. 

Another common weed widely distributed is Piiijllanthvx 
ntaderaspafetixis, 1,. This plant is a variable annual with 
numerous branches. In this plant, and also in some other 
species of Phyllantlius, the branchlets look like pinnate 
leaves. Leaves are small, alternate and bifarious, shortly 
petioled with lanceolate peltate stipules, ' obovate-cuneate, 
truncate or rounded at apex, often mucronate, and the 
nerves are conspicuous on the lower surface of the leaf. 

Flowers are unisexual, monoecious ; male flowers are 
minute, sessile and clustered in the axils ; but the female 
flowers are larger, solitary and stalked. The sepals in both 
are six, obovate, with white margins. Stamens are three and 
the filaments are united. The ovary is superior three-celled 
with three two-lobed styles and two ovules in each cell. 
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The fruit is a capsule with three lobes. Seeds are some- 
what trigonous though rounded at the back. 

Euphorbia Junta , L., is an annual with erect or 
procumbent branches. The whole plant is covered with long 
rough hairs and it contains a milky juice. Leaves are 
opposite, short petioled and with pectinate stipules, obliquely 
elliptic or oblong-lanceolate, dentate, green, or reddish 
green. 



Fki 339. Phyllanthus m.aderaxpatemls, L. 1, branch ; 2, node with a 
leaf, stipules and flowers ; 3, male flower ; 4, female flower ; 
5, fruit cut vertically. 


Flowers are unisexual, monoecious and collected together 
into inflorescences simulating a single flower, and this 
inflorescence is called a, cyatliium. The cyathiums are 
crowded and axillary. The cyatliium consists of a perianth- 
like organ or the involucre, which is tubular and five ~lo bed, 
a solitary fruit and a number of stamens within. The single 
fruit is really a female flower surrounded by a number of 
male flowers. 
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Each involucre consists of a tube, five very small limbs 
with minute glands between them. The stalked stamens 
found within the involucre and round a stalked ovary are 
really male flowers, each stalked stamen representing one 
flower. In every involucre there is a single stalked ovary 
which is a female flower. 

Fruit is a capsule, three-lobed and covered with appressed 
hairs. Seeds are trigonous, transversely rugose and brown in 
colour. 

There are many species of Euphorbias and they are easily 
recognised by their Cyathiums. Euphorbia rosea , Retz., 
and E. corrigioloides , Boiss., occur in dry open sandy situa- 
tions. Some of the Euphorbias are big shrubs with cladodes 
and are typical xerophytes. E. an tig a orient, L., and E. 
tirucalli, L., are examples. 

The Castor plant ( Ricinus communis, L.) Jatropha Cure, as, 
L., J. glandulifenw'L., Phyllmthm emhlica, L., P. retieulatus , 
Poir., and Flueggia Leucopyrits, Willd., are other common 
plants of this order. 

Characters of the Order.— The order includes herbs, shrubs 
and trees, and many of them abound in milky juice. Leaves 
are alternate or opposite, stipulate, petiolate, (sometimes 
petioles with glands), and usually simple. Flowers are small, 
unisexual, monoecious, and arranged in various ways. Ihe 
perianth is usually single, rarely double. Stamens are few, 
many or even one. Ovary is superior three-celled with one 
or two ovules in each cavity. Fruits are capsules, berries or 
drupes. Seeds are often arillate, with endosperm. 

URTTCACER3. 

The Jack-fruit anil the Banyan tree are good examples of 
this order. 

The Jack tree (Artocarpus integrifolia, L.)is a large ever- 
green tree with milky juice. Leaves are alternate, with large 
spathaceous, caducous stipules, oblong or elliptic oblong, 
shining and glabrous above, coriaceous. 

Flowers are monoecious, in spikes or heads that are 
covered by huge stipules when young. In the male spike 
the flowers have two oblong or spathulate sepals and a single 
stamen. The female flowers have a tubular perianth which is 
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united below to a concave receptacle, •with the ovary at the 
bottom; the style is lateral. The female spike grows and 
becomes the fruit, but the male spike falls off. 

The fruit consists of an enlarged axis covered with the 
very much accrescent fleshy perianths and carpels, with 
hardened flat spinescent apices. (Bee tig. 244.1 

Ficus bmgalemis , L., is a large spreading tree, capable of 
indefinite extension, on account of its aerial rootsarising from 

f , the branches. All parts of 
the tree abound in milky juice 
4 I J and young parts are softly 
V 3 pubescent. Leaves are sim- 

xj v, pie, alternate, stipulate, (sti- 

7 A, pules coriaceous and large), 

oblong or ovate-oblong, entire, 
|||gjU ^ \ 'SSj & obtuse, and three to seven 

The fig or the young 

5 fe ?) ■ inflorescence consists of male, 

female and gall flowers lying 

inside the hollow receptacle, 

which is usually fleshy. 

*'“• ' m / >r "* L. There are many male flowers 

1, the m florescence ; 2, same cut „ .. 

vertically : 3, male flower ; 4, gall lleav tlle 111011 th ot the 
flower ; 5, female flower. receptacle, and each male 

flower has only one stamen 
and four sepals. The perianth in the gall flower is similar to 
that of the male flower. The female flower has four sepals 
shorter than in the male flower and the style is lateral. 

Several species of Ficus are fairly common in South India 
and the most common ones are Ficus refig-iosa, L., F. glome- 
rata , Roxb., Ficus Tsiela , Roxb., and Ficus hispidci, L.f., and 
F. aaperrima, Roxb. 

The small gnarled tree Streblus asper, Lour., with its 
crooked interwoven branches, may be seen in scrubby jungles* 
Flowers are dioecious. 

Dorstenia inclica , Wall., is a small herb growing in damp 
situations on the hills and it is easily recognised by' the flat 
receptacle with both kinds of flowers on it. 
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MONOCOTYLEDONS. 

Orchide.u. 

Enlnphia virem , Brown, is an Orchid occurring in dry 
ground all over the Presidency. 

This is a herbaceous, perennial, ground Orchid having a 
pretty large epigeal conical rhizome (pseudobulb) with long 
grass-like, plaited leaves possessing a strong midrib. 




Flo. 341. Entophh rircm, Fm. 3k>. Luhpha ■ ««*«, Brown. 

Brown. An entire plant 1, flower ; 2 . sepals and petals ; 

without inflorescence. ». sldc )’ lew f h P aad ; 4 ’ 

front view of column ; 5, anther ; 

6, pollinia. 

Flowers are racemose on a lateral scape, and are herma- 
phrodite, showy and irregular ; bracts are small and persistent. 
There are three sepals, all alike. Petals are three, hut two 
are alike and the third is different in shape. It is three-lobed 
and adnatc to the column and saccate at the base ; the middle 
lobe is larger than the lateral lobes and bears inside four or 
five ridges of thread-like outgrowths (carinate) ; all the 
petals are green with red lines. The stamen is solitary and 
it is reduced to its anther, which is seated on the top ot the 
column. The pollen grains are coherent into two oblong 
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masses, attached by a short strap to a discoid gland. The 
ovary is inferior, one-celled with three parietal placentas and 
the stigma is the concave face of the column below the anther. 

. 1 1 f™* i s a capsule. 

I ^ccds are extremely 

I I small with a lax hyaline 

® * If Vanda Moxburghn, \ 

I ■ R. Br., is an epiphytic 

I orchid growing on 

I branches of trees with 

If long stout aerial roots. 

The flowers of this 
|1 ' orchid are large and 

| showy. The two Habe- 

narias II. viridi flora, 

I R. Br. and II. platy- 

1 pihylla, Sprengl., occur 

I in the plains. On the 

hills several species of 

^ rtlo ,, 7 7 • • T) Dendrobium, Coelogvne* 

Fio. 843. Kulophia virem. Brown. . " 

1, transverse section of fruit ; 2, fruit. Pericles and Habenana 

are usually met with. 

Characters of the Order . — The members of this family 
are all herbs, growing in the ground or epiphytic. Shortened 
and variously thickened branches are possessed by some 
species and these are called pseudobulbs. Flowers are usually 
in spikes or racemes, bisexual, irregular, often showy. 

Perianth is superior and consists of two whorls, the outer 
consisting of three sepals, more or less similar and the inner 
whorl of petals, more or less dissimilar ; the two lateral 
petals are alike and resemble the sepals, but the lower petal, 
called the lip, is variously shaped. There is a single stamen, 
hut it is reduced to an anther united in a column with the 
style. 

The pollen grains are coherent into waxy and powdery 
masses, called pollinia and these are stalked and attached by 
it to a gland. The ovary is inferior and one-celled with 
parietal placentas. Fruit is a capsule and the seeds are very 
minute with lax hyaline testa. 
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This order is a very large one and the variations exhibited 
by the plants especially in the structure of its flowers are very 
great. However, the most striking character of all orchids is 
the presence of the lip and the column consisting of the 
combined stamen and style and the pollinia. 

Boitamine.e. 

The plantain tree, Mum paradiMara, L., may he studied as 
a type. 




1 , inflorescence ; 2, flower. 


Fig. 344. Mum pararf mam, L, 1, inflorescence ; 2, flower. 

The so-called stem of this plant consists of leaf-sheaths. 
The stem is short, stout and stoloniferons. Leaves are very 
large, oblong, green and reaching eight feet in length and two 
or three feet in breadth. Flowers are in a spike which rises 
from the underground stem and the lower flowers are female, 
the middle ones bisexual and the upper male. The bracts 
are leathery, large, concave and spathaceous. The perianth 
is tubular, slit down on one side and five-toothed. The 
corolla is reduced to a single membranous petal. Stamens 
are five. The ovary is inferior, three-celled, and the style is 
filiform and rises from a thickened base. Fruit is a berry 
with only imperfect seeds. 
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The Turmeric plant {Curcuma longa, L.) the Ganger plant 
{Zingiber officinale , Roseoe), the Cardamoms (EMtaria 
Cardamom inn, Maton) and Ganna indim , L., are species of 
this family. 

Character $ of the Order,— The plants of this family are 
herbs, with rhizomes or stolons and the aerial stems consist, 
more or less, of the leaf-sheaths. Leaves are generally large, 
with sheathing leaf -stalks. The blade- is usually large with a 
strong midrib and close set parallel secondary veins. Flowers 
are bisexual in most, though unisexual and polygamous in 
Musa. The perianth consists of two whorls. There are three 
sepals, free or connate. The petals also are three and they 
are free or tubular. There is only a single perfect stamen in 
many plants but there are five of them in Musa. Ovary is 
inferior, three-celled. Fruit is a berry or a capsule. Seeds 
are arillate (in some species) and the endosperm is floury. 

Amaryllide^e. 

The garden plant Crinurn asiaMeum , L., is a species of this 
family. 

This plant is a herb with a large tunicated bulb. The 
bulb has a long stout neck. Leaves are very long and very 
broad, linear lanceolate, fiat and with a sheathing base. 

Flowers are large, showy and 
umbellate on a stout scape. 

Bracts are long. The perianth 
is tubular, white, fragrant at 
night, six-lobed, lobes linear- 
oblong. There are six stamens 
with versatile anthers. Ovary 
is inferior, three-celled, with 
many ovules in each. 

Fruit is a capsule bursting j|| 

irregularly. Seeds are few, large 
and rounded, with plenty of 
endosperm. 

Fig. 345. A flower of Crhmm Gurculigo o) xdt i aid ex, G*ertn. , 

L. the Nilappanai, is another species 
very common in sandy situations. It has got a deep under- 
ground erect cylindrical stem with plicate lanceolate leaves 
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whose tips are sometimes viviparous. The flowers are small 
and bright yellow. 

The Agaves, A. americaua L., A. vivlpara L., largely 
planted along the railway lines for hedging, are members o£ 
this family. 

Polyanthe $ tuberom , L., or the Tuberose is largely grown 
in gardens throughout- the Presidency. The flowers are white 
and are very fragrant. 

Characters of the Order . — Most of the plants of this order 
are herbs. Stem is a bulb, or conn or an erect underground 
rootstock. Flowers are in umbels on a scape. Perianth is 
regular, biseriate, six-lobed or partite. Stamens are six, 
springing from the perianth lobes, and anthers versatile or 
erect. The ovary is inferior three-celled with many ovules. 
Fruit is inferior, capsular. Seeds with endosperm. 

Liliace.e. 

The climbing plant Gloriosa superha , L., bearing large 
scarlet, showy flowers and found growing in dry places both 
on the East and West Coasts, is a good example. 


Fig, 846. A flower of Gloriosa superba, L*. 



DESCRIPTION OF NATURAL ORDERS 


31t> 


Tills plant lias underground stem-tubers, some of which 
have the shape of a country plough (hence the Tamil name 
Kalappai Kizangti) and the aerial branches spring from them. 
Leaves are alternate, opposite or whorled, sessile, lanceolate 
and the apex is modified into a tendril. 

Flowers are large, solitary, axillary. There are six linear 
lanceolate perianth segments with wavy margins, green when 
young, then yellow and finally scarlet or deep orange. 
Stamens are six with versatile anthers. The ovary is superior, 
three-celled, with the style deflexed. The fruit is a capsule. 

Asparagus racemosus , Willd., is a common climber with 
many tuberous or thickened fleshy roots, growing even in low 
forests. This is easily recognised by the spinous pointed 
cladodes, springing from the axils of minute scale-like leaves. 

The Onion {Allium Cepa , L.) and the Garlic (A . sativum, 
L.) belong to this order. 

The bulbous plants Iphigenia indica, A. Gray, and SciUa 
indica , Baker, are fairly common in dry sandy places. 
Urginea indica , Kunth, is a common bulb met with on the 
sandy shores. 

Chlorophyturn attmuatwn , Baker, and C. tuberosum , 
Baker, are met with here and there in the plains all over 
South India. 

Characters of the Order . — Plants of this family are mostly 
herbs, with fibrous roots, bulb, corm, or creeping rhizome. 
Leaves are alternate or whorled. Flowers are bisexual, regular 
and the inflorescence is varied. The perianth is petaloid, 
usually six-lobed in two whorls. Stamens are six with long 
anthers. Ovary is superior three-celled. Fruit is three- 
celled, capsular or berried. Seeds are flattened, and with 
endosperm. 

This order differs from Amaryllidese in having its ovary 
superior instead of inferior and in other respects there is 
much resemblance between these two orders. 


COMMELINACEiE. 


The common weeds, Cyanotis axillaris, Schultes., and 
Commelina henghalensis , Linn., may be taken as types. 

Cyanotis axillaris, Schultes, is a diffusely branching 
herb, with glabrous, erect and prostrate branches, Leaves ape 
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alternate, sessile, linear or linear-lanceolate, fleshy with 
ciliated, inflated sheath. 

Flowers are clustered in the axils of leaves, within the 
inflated leaf sheaths ; bracteoles are linear. There are three 
lanceolate sepals and the corolla is tubular with three broadly 
ovate lobes, violet or violet-blue. There are six. perfect 
stamens and the filaments are swollen at the apex, bearded. 
The oyary is three-celled with two ovules in each cell. 

The fruit is a capsule, oblong, beaked and glabrous. 
Seeds are compressed, oblong truncate at base and with a 
conical tip at the apex, brown, rough and beautifully pitted. 


347, Cyamikcmllark, Schultes. 1, branch with roots ; 2, flower ; 
3, stamen ; 4, hair on the filament ; 5, pistil ; 6 and 7, fruit ; 8, 
fruit cut across ; 9, seed . 


Cyanotis mmUata , Kuntln, is another species met with as 
a weed in cultivated lands. It differs from G. axillaris in 
having almost naked filaments and a fruit broad at the apex 
and this plant is more robust. 

Commelina benyhalensis , L., is a slender, diffusely and 
dichotomously branching herb, with creeping and rooting 
branches. Leaves are alternate, oblong or ovate-oblong, sessile 
or short-stalked, base unequal sided, sparsely hairy on both 
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sides. Flowers are enclosed in spathes, funnel-shaped, and 
are in Scorpio! d cymes. Sepals are three, small, oblong. 
There are three blue petals. Stamens are six, three or four 
being perfect and the others reduced to stain inodes. The 
ovary is superior, three-celled with two cells two-ovnled and 
the third one-ovuled. The fruit is a capsule, pyriform with 
five seeds. Seeds oblong, closely pitted. In this plant are 
found cleistogamous underground flowers, which develop 
fruits with one or two large seeds. 

Another genus Aneilema is also, very well represented in 
South, India. They are very common in wet situations such 
as borders of tank beds, paddy flats and ditches. This genus 
has flowers in panicles without spat lies. Flowers are violet 
or pink. The common species are A neilema spiral tutu 
R. Br., and A. nudiflorum , R. Br. 

Characters of the Order . — Plants are all herbs, mucilagin- 
ous. Leaves are usually veined distinctly, and with sheathing 
bases. Flowers are bisexual, in scorpioid cymes or cymose 
panicles ; the perianth consists of the two whorls, sepals and 
petals, three each. Petals are clawed, two being larger than 
the third. Stamens are six, all are perfect or only three, the 
remainder being staminodes. Ovary is two or three-celled. 
Fruit is capsular or indehiscent. Seeds are angled and 
endospermic. 

Palmed. 

The Coconut palm is a tall tree with a straight stem, 
which is thickened at base, annulate and varying in height 
from fifty to eighty feet. Leaves are very large with a very 
long petiole expanded at the base where it clasps the stem, 
pinnately compound ; leaflets are equidistant, linear, coria- 
ceous. Flowers are unisexual, monoecious, in a branched 
spike, enclosed by a large spathe. Female flowers are few. 
large, towards the basal portions of the branches of the spike, 
and sometimes with a male flower on each side ; there are 
two broad bracteoles. The perianth consists of three sepals 
and three petals, all accrescent. The ovary is superior and 
three-celled. The male flowers have three very short sepals 
and three oblong petals both being valvate. There are six 
stamens. Pistillode is present, but sometimes absent, 
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The fruit is a fibrous drupe, with a single massive seed, 
which consists of a huge mass of endosperm enclosing a 
cavity filled with a liquid (coconut milk) and a small embryo 
embedded in the endosperm. 

The date palm, Phoenix sylvestris, Roxb., Calamus 
JRotang , L., Barms its flgbellifer , L„ Areca Catechu , L„ are 
some of the other palms in South India. 


•148* Cocoa mieifem 1, spathe and spadix; 2, male flower ; 
A, female flower ; 4, female flower cut across to show folding of 
petals and sepals ; 5, bract and bract eoles at base of female 
flower. 


Characters of the Order . — Plants of this order are shrubs 
or trees, with stems erect, or scandent. Leaves are alternate 
with sheathing petioles, plicate in bud, pinnatiseet or palmate. 
Flowers are small, bisexual or unisexual. Sepals and petals 
are three each. There are usually six stamens and rarely 
many ; filaments are free and anthers are versatile. Ovary 
is one to three-celled. Fruit is a drupe or a hard berry. 
Seeds have a small embryo and usually ruminate endosperm. 


Aroide^e, 

(Mocasia Anti-quorum , Schott, 
a coarse herb with rhizomes and c 
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with a sheathing petiole ; the blade is peltate, ovate with a 
broad triangular sinus at the base. Flowers are unisexual. 
)omt j\ a spadix which is shorter than the spathe enclosing 
it. The spadix has an appendage. Male flowers are above 
and female flowers below with neuters between. The male 
flower consists of only the stamens and the female of the 
pistil only. Fruits are berried. 

This is a very well defined order in which the flowers are 
reduced to their essential organs, the stamens and the pistil 

and they are borne by a spadix 
enclosed by a spathe. 

The plants are perennial herbs 
or scandent shrubs. Leaves are 
alternate with a petiole having a 
sheathing base ; blade is entire 
or lobed in various ways. 
Flowers uni- or bisexual, monoe- 
cious. Male flowers are towards 
the apex of the spadix and 
females at the base of the spadix, 
often with neuters between 
them and sometimes with 
neuters above the males 
Perianth is absent. Stamens 
in male flowers one (in bisexual 
sessile three-celled. Fruits are berries 



F r a . 349. A morph ophal Inn 
Oampan u latns , Bl. 


IS 


more). Ovary 
or drupes. 

Other common plants of this order are Amorphopliallus 
eampanulatm, BL, Synanthertm sylvatica , Schott. Crypto- 
coryne spiralis , Fisch., Pistia Stratiotes , L., Typhonium 
tnhbatum , Schott., Pothos scanden.% L., and Thericphonum 
orenatum , BL 

CYPEBACEiE. 

Gyperus rotundas, L., a troublesome weed of cultivation 
is a good representative of this family. 

ihe plant consists of many underground stolons bearing 
fragrant tubers and a few aerial branches terminating in 
inflorescences. Leaves are grass-like, three-ranked, mostly 

crowded at the base of the stem, with closed tubular sheaths. 

21-a 
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Inflorescence is an umbel of spikelets. A spikelet has ten to 
fifty glumes" distiehously arranged, and the flowers are in 
the axils of glumes. Flowers consist of three stamens and 
an ovary with a three-fid stigma, and there is no perianth. 
The ovary is superior one-celled. The fruit is a broadly 
ovoid, trigonous, blackish nut. 



1, inflorescence ; 2, spike ; 3, stolon with tubers. 

FimbriMylis miUacea , Vahl., is a common sedge of the 
wet lands. It is an annual with tufted stems. Leaves are 
shorter than the stem and their sheaths are distiehously 
arranged. Spikelets are in compound umbels, globose, with 
closely imbricating ovate, boat-shaped glumes. Stamens vary 
from one to three. Fruit is a nut, obovoid, yellowish and 
tuberculate. The style is three-fid. 

Characters of the Order . — The plants of this order are 
mostly herbs with the habit of grasses. Stem is rounded or 
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triquetrous. Leaves are grass-like, but the sheath is closed : 


three ranked and without any out-growth at the junction of 
the blade and the leaf-sheath. Flowers are bisexual, arising 
freon the axils of bracts (glumes), and consist of only stamens 
and an ovary. The perianth is absent but sometimes as 
rudimentary scales, bristles, etc., because the function of pro- 
tection is done by the glumes. The inflorescence consists 



Fig. 351. Fimbnstylis miUacea, Vahl. 

1, entire plant ; 2, spike ; 3, nut with style. 


of spikelets arranged in various ways. The ovary is one- 
eelled with a solitary ovule. Fruit is a nut ; triquetrous, or 
compressed. 

Several species of Cy perils, Fimbristylis, Scirpus, Eleo- 
charis and Fuirena occur in South India. 


Gramine^e. 

Pam cum javanicum., Poir., a common grass flourishing in 
damp situations may be examined as a type. 

It is a herb with prostrate branches, rooting below, and 
geniculately bending upwards. Leaves are alternate, with a 
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loose softly hairy sheath, split open on one side ; the blade 
is parallel nerved, ovate-lanceolate, acuminate and semi- 
amplexicaul at base. At the junction of the blade with the 
leaf-sheath, there is a ridge of soft hairs and this is the ligule, 
a structure peculiar to grass-leaves. The inflorescence is a 
panicle of spikelets. The spikelets are biseriate, ovoid with 


Fig. 353. Panicum Javanhtim, Poir. 2,3, 
352. Panh-un, Jam- delete ; 4, leaf blade ; 5, pistil ; 6, 

nieum, Poir. 1 anthers ; 7 lodicules, «, l, r, e, glumes; 

branch. ' and d and /, palea. 

very short, pubescent pedicels. The spikelet consists of four 
glumes ; the first glume is very small, broadly ovate, less 
than half the length of the third glume, three to five-veined, 
the second is ovate acute, seven- veined, the third is broader, 
five- veined, with a palea and sometimes even with three 
stamens and the fourth is oblong rugose tip rounded and 
with a inucro and a crustaceous palea. Generally the first 
three glumes are empty, the third glume alone enclosing a 
bisexual flower. Outside the stamens and within the glume 
and the palea two small cuneate fleshy bodies are seen. 
These are called lodicules , and they are considered to be 
the rudimentary perianth lobes. The ovary is one-celled 
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with two plumose stigmas. Fruit is a grain endosS hv' the 
fourth glume and its palea. 

Andiopogon Sorghum , L., the cholain plant mav lx* 
studied as a second type. ’ ' 



354. Andropogon Sorghum , L. I,i2, spikelets ; 3, parts of the 
spikelet ; 1 — iv, glumes ; 4, pistil ; o, Iodicules. 

It is a tall plant, usually with a solid single erect stem 
with aerial prop roots. Leaves are alternate, 'bifarious and 
large, with a distinct hyaline lignle with a ciliated margin. 
The inflorescence is a mass of spikelets in a close or open 
panicle. There are two kinds of spikelets, the sessile and the 
pedicelled. The sessile one has four glumes ; the first and 
the second are equal and somewhat coriaceous and hard, 
the third and the fourth glumes are thin and delicate and 
smaller than the second ; the fourth glume is sometimes 
awned. Between the fourth glume and its palea there is a 
complete flower and the third glume has in its axil three 
stamens. The complete flower consists of three stamens, two 
lodicules and an ovary with two feathery stigmas. In the 
pedicelled spikelets also there are four glumes and they are 
barren. The fruit is a grain. 

Eleusine cegyptiaca, Desf., a common fodder grass may 
be taken as a third type. 

It is an annual with many prostrate branches, rooting at 
the nodes, compressed and glabrous. Leaves are linear, 
glabrous or with a few hairs with a lignle of hairs. The 
inflorescence consists of four or more spikes borne palmately 
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a peduncle. The .spikelets are biseriately 
e side of. the axis of the spike, and each 
to seven glumes. All the glumes except the 
first two contain com- 
plete flowers (stamens 
and ovary). The 
floral glumes have 
J three nerves and a 
f two-nerved palea. 
There are two small 
cuneate lodicules. 
Fruit is a grain, free. 

Other Panicums 
met with in South 
India are P. colon urn , 
L., P. prostratum, 
Lamk., P. ramosum , 
Linn., and P. eras- 
galli , L., and all these 
grow in a wild state. 
Some of the Panicums 
are also cultivated and 
they are P. mi Ha - 
'runt, P. mil fare and 
P.fi'umentacewm. 

The genera, Seta- 
ria, Andropogon, 
Old oris, Aristida, 
Eragrostis and Spo.ro- 
bolns are well repre- 
sented in South India, 
plants of this order are 
mboo. The stem is round 
Leaves are alternate, two 


Fie. 355. Elemhte wgyptigm* Desf 
A branch with inflorescence 
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fleshy cuneate bodies, the lod hides . The bracts grow larger 
and afford protection to the flower and so these are called 
glumes. The flowers are sessile on the axis (mehlHa J and 
are enclosed bv the glumes. The glumes and the flowers are 
grouped into small compact spikelets and a spikelet, which 
may consist of four or more glumes distichous! y arranged, is 
generally taken as the unit of the inflorescence in grasses. 
The first two glumes of a spikelet are empty and succeeding 
glumes are floral glumes. The flowers arise from the axils of 
glumes and have on the other side a hyaline two-nerved scale 
called palm. The spikelets are in panicles, racems, or spikes, 
and they are simple or compound. Stamens are usually three 
with slender filaments and versatile anthers. Ovary entire, 
one-celled, with two plumose styles. Fruit is a seed-like 
grain, free or adnate to the flowering glume and palea. 



Fig. 356. Eleualm wggptiaea, .Desk 


2, leaf blade ; 3, 4, spike ; 5, spikelet ; 6, parts of a spikelet. 

Of all the natural orders this order is the largest and 
most widely distributed over the world. All the cereal 
grains, the staple foods of the mankind, Wheat, Rice, Ragi, 
Cholam, Millets, Maize are members of this family. From 
an economic point of view this order is a most important 
one. Many grasses are valuable as fodder for cattle. 
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CHAPTER XIX. 

PLANT ECOLOGY AND PLANT FORMATIONS. 

Fob systematic classification plants are viewed as separate 
units, and the floral characteristics form the basis for classi- 
fication. The object of systematic grouping is to show the 
relationship and this has nothing to do with the life and habits 
of the plant. Plants may be viewed from a different stand- 
point of view, i.e., according to their environment or habitats. 
If we look at the vegetation of any particular locality as a 
whole, we find many species of plants growing together. On 
close examination it will also be seen that the plants belong to 
diverse groups having no relationship whatsoever. This 
intermingling of plants may be considered to be the result 
of accident. That it is not due to sheer chance is obvious 
from the fact that in similar localities we find, more or 
less, the same groups of plants with very slight variations, if 
any. Every species of plant tries its level best not only to 
live well, but also to increase its progeny and expand to its 
utmost capacity. And there will be a keen struggle amongst 
different species, and naturally only those species that are 
best fitted for the locality are likely to get established. As an 
ultimate result of this struggle, different species of plants not 
genealogically related may acquire similar habits and become 
ecological groups. Groups of plants that give a distinctive 
feature to a locality are called “ formations.” 

A successful living on the part of a plant indicates a 
harmonious relation between it and the physical factors 
amidst which it happens to grow, We know that a green 
plant is able to nourish itself, but this process is subject to 
the control of its environment. For the proper development 
and growth of a green plant oxygen, water, carbon dioxide, a 
certain amount of heat and a suitable substratum are essential. 
These factors act on the plant as so many stimuli and it 
responds readily, and it must be remembered that the 
response of a plant to the factors of its environment is always 
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functional. Plants do very well so long as the intensity and 
amount of each, of these stimuli does not rise 'above or fail 
below certain limits. For example, in plants that receive the 
optimum quantity of oxygen, light, carbon dioxide and water, 
growth is very rapid. If, on the other hand, these factors 
are below the optimum, it gradually decreases and may 
finally even cease. Generally the maximum and minimum 
limits of the chief factors are not close, but far apart and, 
therefore, plants growing under normal conditions are able, 
in many cases, to prolong their lives even when these condi- 
tions have undergone modification in one direction or other ; 
and if they possess powers of adaptation to changed condi- 
tions, they manage, at first, to live somehow, and later on 
they get well established. A plant that is unable to adapt 
itself to the most pronounced factor or factors of its 
environment, when such factors change, becomes extinct. 

Plants growing in a particular place have to adjust 
themselves constantly to the various stimuli affecting them. 
Bo long as these stimuli are normal, responses on the part of 
the plant consist in mere normal adjustment, that is, neces- 
sary for their ordinary activity. For example, when the 
atmosphere becomes dry and at the same time somewhat hot, 
the leaves change their position and the stomata become closed. 
But, as soon as these adverse conditions pass off the leaves 
resume their normal position and the stomata remain open. 
If, on the other hand, the dryness increases and the 
atmosphere remains dry without returning to its original 
condition, the adjustments on the part of the plant must 
become most pronounced and there will also be certain 
structural changes. So whether a plant responds by ordinary 
adjustment or by adjustment along with structural changes 
depends upon the nature of the stimulus. When the stimulus 
is of ordinary intensity the plant responds by its usual func- 
tional adjustments, without any change in structure, whereas 
on the stimulus becoming unusual in intensity or nature the 
response is an adaptation, i.e., adjustment coupled with some 
structural modifications. 

In a plant it is only the vegetative organs that are affected 
to a marked degree, by the factors of its environment, and the 
reproductive organs or the parts of the flower are not at all 
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influenced in any way. Sometimes the influence exerted by 
the factors are so profound as to bring about the same kind 
of structural and morphological features in the vegetative 
organs of species of very widely separated families. For 
example, the three species. Euphorbia anti quorum , L., 
Boncmmia umheUata , W. A A., and Opmitia DU trait. Haw., 
though belonging to three different families have the same kind 
of vegetative shoot. Another example of this is afforded by 
the species, Limn anthem am indin on, Thw., Trapa, hispitiosa, 
Boxh.. Xymphwa Lotus* L., and Pept idiom hum if am on 
Delile., belonging to four natural orders that are distant in 
affinity. The same kind of structural modification noticed in 
diverse species genealogically wide apart and brought into 
existence by ecological factors is generally termed a growth- 
form . For ecological classification, growth-forms are the 
units just as species form the units for the systematic grouping 
The growth-forms of Opuntia Diltenii , Boueerosm umheUata 
and Euphorbia antiquorum are quite characteristic of plants 
growing in a dry place (Xerophytes) and the other plants 
mentioned are aquatics (Hydrophytes). Plants are usually 
classified into many ecological groups, but in this book we 
shall concern ourselves only with the more striking ones. 

Hydrophytes or aquatic phmts and their characteristics.— 
Of all the factors of the environment of a plant water 
exercises the greatest influence on plants. How very far 
reaching this influence is, becomes obvious, when we com 
pare a submerged water plant with a land plant. An aquatic 
like Vaitisneria spiralis , L., or HydriUa verticiltata, Gasp., or 
Ceratuphyihun demermni, I,., is very limp and delicate and 
so, incapable of remaining erect when taken out of water. 
This ftaccidity is due to want of xylem and other hard 
tissues, so common in land plants. All submerged plants 
are, more or less, alike in several respects, and this is due 
to the fact that the conditions of living are more uniform 
under water than in air. Another characteristic feature of 
water plants is the possession of large air spaces in abundance. 
Both these characteristics, viz., the presence of air cavities and 
the absence of xylem tissue lead to the lessening of the 
specific gravity of the plant. Further, water being denser 
than air, by itself it will support the weight of the plant. 
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A land plant gets mineral salts from the water contained in 
the soil and the gases from the atmosphere, whereas a 
submerged plant depends for everything on water. Conse- 
quently the absorbing organs, roots and root hairs and the 
conducting tissue or xylem, so essential for a land plant, 
become superfluous in the case of aquatics. However, where 
roots and root-hairs are present, they are helpful in fixing the 
plant to its substratum. As water plants are not subjected to 
the strains due to wind and weight to which the shoots of 
land plants are exposed, the need for mechanical tissue does 
not exist, and the required support is afforded by water in a 
thorough manner. However, like roots, the shoot systems of 
aquatics are subjected to longitudinal strain caused by move- 
ment of water, and to resist this longitudinal pull, the few 
xylem elements present in the stem are found arranged 
axially, i.e., as near to the centre of the stem as possible. 

The air spaces in water plants, besides helping them to float, 
facilitate, the process of respiration. A submerged plant is 
unable to get oxygen as readily and as easily as a land plant, 
because water does not absorb oxygen in large quantities. 
The air spaces convey oxygen to all parts that are submerged. 
In the case of plants growing in salt swamps and marshes 
oxygen cannot be obtained with ease, because water absorbs 
only a limited quantity of oxygen. To overcome this 
difficulty, plants growing in salt swamps have breathing 
roots or pneumatophores. In marsh plants a special tissue 
called serenchyma is formed from the phellogen layer either 
in the roots as in the case of Jusskea mffruticma and 
Sesbania, or in the stem as in Neptunia oleracm , etc. Some 
free, floating plants growing in stagnant water and marshes, 
have leaves with finely divided blades and this leads to the 
increase in the absorbing surface. 

A submerged water plant is able to absorb water through 
all its parts. The epidermis needs no cut in and stomata are 
also unnecessary. As light passes through water on all sides 
the leaves are, like shade leaves, without any distinction into 
palisade and spongy parenchyma. The epidermis also 
contains chloroplastids. 

The aquatic mode of life is highly advantageous for 
rapid growth, because water can absorb large quantities of 
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carbon dioxide, and plenty of water, salts and oxygen also are 
available for the plant. Thus favoured, these plants grow 
rapidly, multiply and extend very quickly, by means of 
vegetative reproduction. 

It is a well known fact that humidity and abundance of 
food material always tend to favour the growth of vegetative 
organs and prevent the formation of sexual organs, whereas 
dryness favours the formation of sexual organs. So in water 
plants vegetative multiplication far exceeds the sexual repro- 
duction, and some species such as Elodea and Lenina multiply 
solely by vegetative propagation. In cases where flowers are 
produced, as in Va Hi mm a spiralis and HydriUa imimttata, 
special adaptations exist to bring about pollination. The 
female flowers are borne on long stalks and so they come up 
to the surface of the water to get pollinated. Male flowers 
get detached and float in large numbers, which must 
necessarily bring about pollination. 

A great majority of water plants are. submerged plants. Of 
these some are free swimming and others fixed to the substra- 
tum. Most of the species of the order Hydrocharidese are 
aquatics fixed to the soil and plants like Ceratophyllum and 
Utrieularia, float and are carried about freely in water. 

The leaves ' of aquatics that are submerged are delicate and 
thin, and they show considerable amount of variation. Plants 
growing in situations where water is always still without 
disturbance, have large leaves (e.g., Ottelia ah' sw aides). The 
leaves of plants subjected to movements of water have either 
ribbon shaped leaves (e.g,, Yallisneria) or their leaf blades 
are divided into small linear segments (e.g,, Ceratophyllum 
and Utrieularia). 

There are also some aquatics whose leaves always float on 
the surface of the water, as in Nymphaea, Aponogeton and 
Limnanthemum. The leaves are in this case thick with 
continuous margin and plenty of cuticle or wax on the upper 
side. Large number of stomata are also found on the upper 
surface. 

Lastly we have a large number of plants growing in 
marshes and edges of ponds and tanks. In all these plants, a 
portion of the shoot system is submerged and the remaining 
portion is aerial. Leaves that are submerged differ very much 
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from t-lie aerial leaves (e.g., several. species / of Llmnophila). 
The possession of aerial leaves enables these marsh plants to 
grow even in stagnant pools and ditches. 

Xerophytes or plants of dry regions . — Ordinary land 
plants depend upon the soil for their water, and they do well 
so long as there is an adequate supply. When a plant gets a 
liberal and uniform supply of water it produces leaves with 
large thin blades, softer less woody parts and very few 
protective appliances. Plants growing in thick moist forests 
are of this kind. In all tropical forests with a heavy rainfall, 
great luxuriance of vegetation is the prevailing condition. 
If water becomes scarce in a tropical region the vegetation 
suffers very much and it becomes stunted. 

The organisation of a land plant is such as to ensure a 
regular flow of a rapid current of water from the roots to the 
leaves and constant transpiration from the leaf surface. The 
structure, position and arrangement of leaves are intended to 
facilitate transpiration. If for any reason the roots are 
unable to absorb water freely, the plant will suffer unless the 
transpiration that may be going on is prevented. In moder- 
ately dry places, as a rule, the plants manage to lower the trans- 
piration by various means. If the period of drought is not 
long, there will not be very great change in the plant, beyond 
mere adjustment. On the other hand, plants growing in 
places where there is a prolonged drought, get modified in 
various directions, and although of widely different families 
they ail become remarkably similar and we get definite 
growth-forms. 

The xerophilous plants present three types of growth- 
forms in South India. Many xeropkytes have deep roots and 
when water becomes scarce in the upper layers, they go 
deeper still to obtain water from the underlying moist layers. 
At best it can only absorb small quantities of water, and this 
has to go to the leaf rapidly without much loss. Hence the 
stem is woody with very narrow cortex. 

At the same time the loss of water taking place in the 
aerial part of the plant on account of transpiration should be 
minimised. So the leaves become smaller and fewer in 
number, the cutin of the epidermis becomes very thick and 
the stomata decrease in number, and instead of being flush 
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with the epidermis lie deep in furrows. Cork layers are also 
formed in the stem. As an example for this we may mention 
ImUgqfera trita. Other plants of a similar nature are Des- 
modimn biurticulatiim. Indig qf era aspalafhoides , JmtMa 
tranquHariensis an d Sty I osant lies mueronata . 

Another class of xerophytes is the one typified by 
Boueerosia or the Prickly Pear. Plants of this sort have only 
fibrous roots and so they are able to take in water, available 
in the upper layers of the soil. When the soil is somewhat 
moist these plants absorb water greedily and store it inside 
the plant in special parenchyma called water-tissue. As 
transpiration has to be reduced to its minimum, leaves are 
not formed and even when formed they are minute and drop 
off after some time. The stem becomes fleshy on account of 
the water storage tissue and to prevent the loss of water the 
epidermis of the stem gets a thick coating of ciitin and the 
stomata are greatly reduced in number and they lie deep in 
furrows. 

Another type of xerophyte is the one in which the leaves 
become fleshy and thick, as in Agaves and Aloes. The leaf 
instead of the stem becomes the store-house for water. All. 
the arrangements that usually check the transpiration are 
developed and the leaves are close set. In both the types 
represented by Agave and Boueerosia, the plants have the 
water stored in them thickened by mucilage, another device 
to check undue evaporation. 

Although the modifications in xerophytes are very varied, 
yet they all have the same purpose, viz., the prevention of 
loss of water by excessive transpiration. Leaves being the 
organs most concerned in this work they are the first to he 
affected under unfavourable conditions. There are all grada- 
tions between a normal, kind plant growing in shade and a 
pronounced xerophyte. 

Halophytes or plants of saline soil . — The xero phytic 
growth forms already mentioned are evoked by a dry soil. 
Roots of these plants are unable to absorb water in large 
quantities because of the scarcity of water. There are a 
number of plants whose roots do not absorb water freely * 
although it may exist in abundance. Plants flourishing in 
salt swamps and saline soils take in water very slowly and 


PLANT ECOLOGY AND PLANT FORMATIONS 


337 

sparingly, otherwise the salt in the water will poison tin* 
plants and ultimately lead to their death. 

Halophytes present a great similarity in habit and other 
respects to the xerophytes, and in this group we have another 
example of plants of distant affinities, in which the environ- 
ment evokes similar characteristics, so that they may become 
adapted for their surroundings. Ordinary xerophytes of the 
dry regions suffer from physical drought and halophytes are 
subjected to physiological drought. In both the cases the 
effect of the environment on the plant- body is similar. So 
halophytes constitute one form of xerophytes. 

As salt water acts lethally on the plants when freely 
absorbed, halophytes are obliged to take water in small 
quantities. Arrangements for the reduction of transpiration 
is also an absolute necessity in the case of these plants. 

In South India on both the East and West Coasts we have, 
salt swamps and saline flats. The land in close proximity to 
the sea and at the mouths of rivers in backwaters, get sub- 
merged daily by the tide and will be exposed only at low 
water. The soil in these situations consists of clay or clay 
and sand saturated with water and reeking with foul odour on 
account of decaying organic matter. There will be no air in 
this mud. Even such a soil supports vegetation of a particular 
type, which is called “ mangrove formation.” This type of 
vegetation is very interesting in some respects. Most of the 
plants are low trees or shrubs -with their trunks and branches 
supported by numerous, crooked, irregular prop roots, as if 
on stilts. These prop roots are spongy in structure and are 
full of air spaces. Borne roots have large lenticels and other 
arrangements to facilitate the absorption of air. Some species 
of plants, like Avicennia officinadds and Sonnemtia an' da 
have special respiratory roots, which stand out erect above the 
ground in rows all around the trees. As the absorption of 
water is slow, transpiration must of necessity be checked 
very much. So the leaves of mangrove trees are usually 
thick, succulent with close set several layered parenchyma 
and also with water storing cells in some species. The seeds 
of mangrove if allowed to fall in the mud will never germi- 
nate. So in these plants seeds germinate, while the fruit is 
still attached to the plant. The embryo plant goes on absorb- 
ing food material from the parent plant until it develops into 
22 
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a large seedling. The seedling in many species consists of a 
long club-shaped radicle with lateral roots and a liypoeotyl 
with a short shoot. These seedlings look very much like 
long pods. When fully formed they drop off and the club- 
shape and the pointed end enable them to pierce the mud. 
Or if they happen to fall on water, they float and get stuck 
in holes at the earliest opportunity. 

As we recede from the mangrove formation we find 
number of other species of plants. In nooks and, corners 
and in wet places near the backwaters the herb Acanthus 
ilicifolins grows in abundance. Here and there We find 
Pandanus lifting its head from amidst Acanthus. Further 
away in flats that are distinctly saline we meet with several 
species of Susedas and Salicornias, Semi vhtm Portukwastrum 
and in some places Tamarix also. All these plants are either 
herbs or shrubs, with pronounced xerophy tic features. The 
flora supported by the dry sand of the sea-shore is also strik- 
ing although it may merge into the ordinary scrub flora 
towards the inland. The creeping plants Cyperus arenarim , 
Sphiifiex sqtmrrosus , Lippi a nodi flora , Ipomcrn biloba , Latin - 
cm pi nnatilida are abundant though they lie scattered. On 
the West Coast we have also some trees and shrubs growing in 
such situations, such as Barri ngtonia racemosa , Hibiscus 
f Hi areas and Exccecarias. 

Epiphytes are a group of plants living under very peculiar 
conditions. They attach themselves to other plants by means 
of aerial roots, but without abstracting anything from the 
latter. On account of this unusual position, obtaining food 
and water must be a. matter of very grea t di ill cult v . Bu t 
they have managed to overcome this difficulty in a variety of 
ways. For example, many of the epiphytic orchids and 
aroids growing in South India possess aerial roots specially 
adapted for the absorption of water. These aerial roots are 
white in appearance owing to the formation of a kind of 
sheath consisting of several layers of empty cells strengthened 
with thickenings here and there. This sheath is called 
relamen and it acts as a sort of sponge in absorbing water 
rapidly, whenever there is rain. 

As the sources of supply of water for epiphytes are dew, 
mist or rain, it is evident that they can at best have only a 
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precarious supply at long or short intervals. Therefore we 
should expect these plants not only to be very sparing in the 
use of water but also to have arrangements for the storage of 
water. 

The epiphytes also, like land xerophytes, have to endure 
prolonged droughts and consequently they have many struc- 
tural features in common. And these structural features are 
those of pronounced xerophytes. 

From what was said above, it is clear that epiphytes cannot 
live in places where the climate is very dry ; but they can live 
where the atmosphere is likely to be humid at least for some 
months. On the East Coast of South India we do not find 
many epiphytes, but, on the other hand, on the West Coast 
they are abundant. The frontispiece shows a photograph of 
a Peepul tree abounding in the epiphytes, Vanda Boxbtirghti 
and Drynaria querc-i folia . 

Mesophytes are the ordinary average plants thriving in a 
soil of moderate humidity and they avoid the soil with 
standing water or water containing a high percentage of salts. 
These plants occupy an intermediate position between the 
xerophytes on the one hand and the hydrophytes on the 
other and are abundant in regions where the rainfall is evenly 
distributed. 

In the previous chapters of this book we have been deal- 
ing with the structure and function of seed plants, and most of 
it has reference only to the mesophytes. The leaves of these 
plants are specially adapted for rapid transpiration and so 
they are usually large and far more varied in form than 
xerophytes. The special tissues such as asrenchyma or water 
storage-tissue are not usually found in these plants. All the. 
plants that abound in the forests of the hills of South India 
consist mostly of mesophytes. 

The vegetation of this Presidency is most interesting as we 
find in it all kinds of formations. On the sea coast we have 
the mangrove and salt loving plants. This is succeeded by the 
sand binding xerophytic plants such as Spinifex, Ipomoea 
biloba, etc., and this gradually merges into the scrub jungle. 
The vegetation on the Deccan portion consists of scrubby 
jungles, and deciduous forests. All the thick evergreen 
forests are confined to the higher hills and the Western ghats. 

22-a 
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Accessory fruits, fruits reinforced by stem, or other structures as in 
Jack fruit, apple, etc., 204. 

Achene, one-seeded, dry, indehiscent fruit, 207. 

Acuminate, applied to the apex of a leaf when it is prolonged into a 
fine point, 108. 

Acute, applied to the leaf apex when it is pointed without being drawn 
out, 108. 

Adventitious, arising at unusual places : as buds at other places than 
nodes or roots at places other than roots, 22, 31, 235. 

Aerial roots, roots that develop in the air, 56. 

Aestivation, applied to the folding in of the sepals and petals in the 
bud, 173. 

Aggregate, forming a dense cluster: applied to fruits formed of a flower 
and with free carpels, 210. 

Ala (pi. alae), the lateral petal of a papilionaceous corolla or the 
wing-petal, 163, 173. 

Aleurpne layer, the special outer layer of regular cells with proteid 
' granules in. the grains of grasses, 26. 

Alternate, at intervals one after the other : said of leaves when they 
arise singly at the nodes, 100. 

Androecium, stamens of a flower collectively. 

Ann ula r (vessels), having thickenings disposed in the form of trans- 
verse rings, 38, 39. 

Anther, the portion of the stamen which contains the pollen-grains, 7. 

Apocarpous, applied to fruits when the carpels are quite free from 
each other, 178. ' 

Aril, an appendage on the seed arising from the stalk or from the 
micropyle, 215, 

Auricled, said of leaves with basal lobes shaped like an ear, 107, 

Axil, the angle formed by a leaf with the stem on the upper side, 5. 

Axile placentation, applied to an ovary when the ovules are attached 
to the central axis, 178, 179. 

Axillary bud, a bud arising in the axil of a leaf, 64. 

B 

Bacterium (pi. Bacteria), lowest very minute plants devoid of chlo- 
rophyll, 1, 59, 144. 

Bacterial., nodules, swellings formed in the roots of leguminous plants 
by bacteria which are able to fix the free nitrogen of the air, 59. 

Basifixed (or innate), applied to anthers when attached at the base, 
176. 


glossary 


342 

Berry, a fruit with a pericarp fleshy throughout, 205. 

Bisexual, said of a flower with both stamens and pistil, 100- 
Botryose (or racemose), applied to an inflorescence in which the flowers 
develop in regular acropetal succession, so that the older flowers 
are at the base and the younger at the top, 154. 

Bract, reduced leaf subtending a flower or an inflorescence, 110, 151. 
Bracteoie, a small bract placed below the flower on the pedicel, but 
not subtending it, 1(12. 

Bud, an undeveloped condensed shoot, all the parts being very young 
and small and the more delicate younger parts being protected by 
the older parts, (13, (14, 

Bulb, a modified underground shoot having a short flat stem with 
numerous roots below and scaly leaves and buds above, 72, 74. 

C 

Caducous, applied to sepals or petals falling oil' very early, 171. 
Callus, mass of cells formed on cut or exposed surfaces by the active 
division of cambium and parenchyma, 95. 

Calyx, the outermost whorl of a typical flower ; the sepals collectively, 
7. ■■ .5 O 

Cambium, the layer of living cells lying close to the wood in stems and 
roots which leads, to the secondary thickeifliig of stems and roots, 
:(,v-"42, 78, 80.' \ ; ■ 

Capitulum, flower-head ; an inflorescence in which the flowers are 
sessile and crowded at the end of the stalk of the inflorescence, 
153. H 

Capsule, a dry fruit formed of more than one carpel which opens to 
let the seeds escape, 209. • 

Carbohydrate, a substance formed out of carbon, hydrogen, and oxy- 
gen, the two latter being in the same proportion as in water, 128." 
Carpel, a simple pistil, or part of a compound pistil, 478. 

Caruncle, a massy outgrowth on a seed near the hilum, as in castor 
seed, 18. V'.- , 

Caryopsis, a seed-like frfcit in 'which the pericarp and testa are fused 
together ; applied to the grains of grasses, 207. 

Cell, the unit of plant structure or a bit of protoplasm enclosed by a 
cellulose membrane, the cell- wall, 23. 

Cell-sap, the liquid content of a cell having certain salts, sugars, etc., 
in solution, 25. 

Cell-wall, the wall of a cell originally * composed of cellulose but 
altered later on by deposition of other substances, 23. 

Cellulose, the substance which goes to form the cell- wall when young 

and having the same composition as starqh, 27. 

Centrifugal, from the centre to the periphery ; said of an inflorescence 
when the order of opening is from the top to the base or from the 
centre to the periphery, 15b. 

Centripetal, applied to an inflorescence whereof the flowers are deve- 
loping from without inwards, as opposed.to centrifugal, 155, 
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Chlorophyll, the green colouring matter of plants contained in ehloro- 
'plasts, 129* 

Chloroplasts, the masses of protoplasm which are of a green colour 
and found imbedded within the protoplasm of cells of parts 
exposed to light* 129. 

Circulation, the peculiar streaming movement of protoplasm seen in 
li ving cells, 149. 

Cladophylla or Cladode, flattened stems or branches doing the func- 
tions of leaves and sometimes appearing like them, 113. 

Cleft, divided about half way in the leaf-blade, 107. 

Cleistogamous, said of unopened flowers which are self -fertilised, 

1 SB'i ■■■’ ' ■ 

Coccus, the dry portion or carpel of a schizocarp or splitting fruit, 
207. 

ColienchVma, a kind of strengthening tissue beneath the epidermis 
formed of living cells thickened at the corners, 83, 94. 

Compound, said of a leaf whose blade is cut into separate pieces 
(leaflets) so that one piece (a leaflet) could be detached without 
injuring others, 6, 108. 

Connective, the portion of the stamen which connects the filament 
with the anther and its lobes, 176, 181, 

Conduplicate, folded together, applied to leaf-blades, 98; 

Contorted (twisted), said of a corolla in whickeaeh petal regularly 
covers, and is covered by another petal, 174. 

Convolute, said of leaves when rolled up along the length from one 
margin to the other, one being over the other, 98. 

Cordate (or heartshaped), applied to a leaf -blade, 107. 

Cork-tissue, a kind of protective tissue formed on old stems and roots 
and also on cut or exposed surfaces consisting of dead cells whose 
walls are impervious to water and gases 86. 

Cork-cambium, a layer of living cells which by active division forms 
the cork-tissue, 87, 

Conn, a modified underground fleshy stem or bases of stems having 
buds and with or without scales, 73. 

Corolla, the petals of a flower collectively, 6. 

Corona, an out-growth from the corolla or from the stamens, 173. 

Cortex, the portion of stem or root lying between the epidermis and 
the stele, 38, 79, 83. 

Corymb, a flat-topped inflorescence of the racemose type (also 
applied to cymose type) having the lower older pedicels longer 
than the upper younger ones, 152. 

Cotyledon, the seed leaf or leaves of the embryo plant formed inside 
the seed, 11. 

Crenate, applied to the margin of leaves when it has rounded teeth, 107. 

Cross-pollination, transference of pollen to the stigma of a flower 
from a flower of a different individual, 186. 

Cryptogams, flowerless plants ; literally plants whose sexual parts are 
hidden, 1. . , 

Cuspidate, applied to the apex of- a leaf which possesses a srhall 
triangular piece, 108. C : " . 
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Cuticle, the outer lining on the epidermis of leaves and stems and 
formed of the substance cutin which is impervious to water, 79. 

Cymose, an inflorescence in which the primary axis ends in a flower and 
gi ves rise to branches which repeat the same process ; also termed 
centrifugal, 156. 

B 

Deciduous, falling off at the end of the growing season, applied to 
leaves and petals, 171. 

Decussate, arrangement of opposite leaves placed at right angles to 
each other and forming four rows on the stem, 102. 

Definite, applied to cymose type of inflorescence, 156. 

Dehiscence, the act of opening of anthers or fruits, 176, 207. 

Dentate, applied to the margin of leaves with straight teeth, 107. 

Diadelphous, said of stamens united by their filaments into two 
bundles, 164. 

Diastase, the enzyme or ferment which converts starch into sugar, 25. 

Dichasium (dichotomous cyme), a cymose inflorescence with 
branches arising impairs, 156. 

Didynamous, said of stamens, when there are two pairs of them, one 
pair longer than the other, 175. 

Digitate (or palmate), applied to a lobed or compound leaf in which all 
the lobes or leaflets are attached at the end of the petiole, 9, 107. 

Dimorphic (or dimorphous), occurring in two forms, 164. 

Dioecious, having the sexes separated in two distinct individuals, 168 

Dorsal suture, the midrib of a carpel, or its back side, 179. 

Dorsifixed (or adnate), fixed on the back ; said of anthers, 176. 

Drupe, a fleshy one-seeded fruit having a stony endoearp ; a stone 
fruit, 205. 

33 

Egg- cell, the female cell in the embryo-sac which dev el opes into an 
embryo after fertilisation, 184. 

Embryo, the young plant contained in the seed, 11. 

Embryo-sac, the cell in the ovule in which the embryo is formed, 184. 

Endoearp, the innermost layer of the pericarp, 205. 

Endod ermis, the innermost layer of the cortex forming a sheath 
round the stele, 41, 83. 

End osperm, the reserve food stored outside the embryo and within 
the embryo-sac in seeds, 19. 

Endosmosis, passing of a liquid through a membrane into a more 
concentrated fluid, 121. 

Energy, the capacity for doing work, 134. 

Energy, kinetic, the energy of actual motion, 136. 

Energy, potential, energy, not manifested in action, but stored, 136. 

Entire, said" of a leaf margin which is neither indented nor toothed, 
107. 

Epicalyx, bracts placed outside the calyx in certain flowers, as in 
"Malvaceae ; also called involucre or involucral bracts, 162. 
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Epicarp, the outermost layer of the pericarp in a fruit, 205. 

Epigeal, said of cotyledons coming out of the ground in germination, 

20 . 

Epigynous, applied to a flower in which the other parts rise from above 
the ovary, as the result of the fusion of the hollow receptacle with 
the perieap of the ovary, 175, 176. 

Epipetalous, applied to stamens arising from the corolla tube, 175, 180. 

Epiphytes, plants growing on other plants for the sake of attachment 
but not parasitic, 57. 

Exodermis, the thickened layer or layers of cells beneath the piliferous 
layer of roots, 49. 

Exosmosis, flow of a fluid outwards through a membrane into a less 
dense fluid, 121. 

Extrorse, said of anthers when they open outwards, i.e., towards the 
petals and away from the pistil, 177. 

P 

Fertilisation, the fusion of the germ-cell of the pollen-grain with the 
egg-cell in the ovule which leads to the formation of an embryo, 
7. 

Fibres (or sclerenchyma), long, narrow, thick-walled cells tapering at 
both ends found in the mechanical tissue of plants, and without 
any contents, 41. 

Filament, the stalk of the stamen, 7. 

Follicle, the free dry carpel of an apocarpous fruit opening at the 
front or ventral suture only, 208. 

Free-central placentation, attachment of the ovules to an axis in the 
fruit which is not connected with the wall of the ovary but arises 
from the bottom of it ; also called basal placentation, 178, 

Fruit, ripened ovary with its contents, 204. 

G 

Gamopetalous (or Monopetalous), applied to corollas having petals 
united together, 166. 

Gamosepalous (or Monosepalous), applied to a calyx with united 
sepals, 163. 

Gametes, specialised bits of protoplasm whose fusion is necessary for 
the formation of seed, 231. 

Geotropism, movement in parts of plants in response to the stimulus 
of gravity, 147; ■' . . . 

Geotropism, negative, turning away from the earth, as stems, 147* 

Geotropism, positive, going towards the earth, as roots, 147. 

Germination, the development and emergence of the embryo from the" 
’’’""seed, 12. ■ 

Glume, the scale-like bract in the inflorescence of grasses and 
sedges, 171. 

Growing point, the growing tip of a stem or root consisting of 
embryonic cells from which the different tissues arise, 34, 65. 
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Guard cells, the cells which go to form the stomata and regulate their 
opening, 115. 

Gynandrous, applied to stamens adhering to the pistil, 174.^ 
Gynsecium, pistil or pistils of a flower taken collectively, 177 . 


Hastate, applied to the leaf-blade when its basal lobes are turned 
outwards, 107. 

Haustorium (ph haustoria), the sucking organ of a parasitic plant 
which penetrates the host to obtain food, 159. 

Head (or capitulum), an inflorescence in which the flowers are sessile, 
and crowded at the top of the peduncle, 155. 

Helicoid cyme, an inflorescence of the sympodial type in which the 
lateral branches are developed on one side only, 15b. 

Hermaphrodite, applied to flowers having both the stamens and pistil 
in the same flower, 100. 

Hesperidium, a superior synearpous berry, like the orange, formed of 
many carpels and covered by a tough rind, 206. 

Hilum, the scar left on the seed by the funicle or placenta to which 
it was attached, 15 (also applied to the central point or nucleus of 
a starch grain round which the layers are seen). 

Hydrotropism, curvature induced by the stimulus of moisture, 148. 

Hypocotyl, the portion of the seedling which is below the cotyledons 
and above the radicle, 14. 

Hypocrateriform, said of the corolla with a long tube and flat spread- 
ing limbs ; salver -shaped, 172. 

Hypogeal, said of seedlings when the cotyledons lie below ground, 21. 

Hypogy nous, applied to flowers, when the stamens and the perianth 
are at the base of the ovary, 175, 180. 


Imbibition, passage of water through cell-wall and protoplasm by 
making them more porous, 121. 

Imbricate, the ovdtiappingofpetals or sepals in such a way that one 
or more parts haveboth their* margins completely inside, 174. 

Indefinite, not definite ; when applied to an inflorescence it means, 
the bidet flowery are at the bottom or outside and the youngest at 
the top or centre, 1 55. 

Indehiscentj said of fruits not opening or splitting to shed their seed, 

Inferior, said of on ovary surmounted by the other parts of the flower, 
17n. . , ; ■ ' .. v _ • G t; ; 

Inflorescence* yolleetion of flowers oil an^ixi^ 152. 

Integument, the covering of the ovule. 184. 

(nternode, the portion of the stem between two nodes or joints, 5. 

Introrse, applied- ho anthers which open inwards towards the pistil 
as opposed to extrorse, 177. 

Involute, leaf edges rolling inwards from both the margins ns in the 
Lotus leaf, 98, 247. 
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x 

Reel, the boat -shaped anterior petals of a papilionaceous flower. 1*53. 

Kidney-shaped, reniform ; applied to organs whicli are crescent - 
shaped with rounded ends, 107. 

L 

Labiate, lipped : said of a gamopetalous corolla having an upper and a 
lower lip, as in Letieas, 172. 

Lamina, the blade of a leaf, 96. 

Lanceolate, shaped like a lance ; applied to a leaf having a somewhat 
broad base and tapering towards the apex, 100. 

Latex tubes, tubes containing a milky juice, as in Euphorbia, 87. 

Leaflet, a separate segment of a compound leaf, 0. 

Legume, a monocarpellary fruit opening by both the margins, 208. 

Lenticel, a spot in the bark intended to facilitate exchange of gases 
* and consisting of loosely arranged cork-cells, 36. 

Lianes, applied to large woody climbers, 69. 

Lichen, a cryptogam formed of a fungus and an alga, 142. 

Lignification, the thickening of cell walls by means of lignin. 

Ligule, a structure found at the junctions of the blade and the sheath 
in the leaves of grasses, 326. 

Ligulate, applied to the strap-shaped corolla of the ray florets in the 
head of a composite, 173, 

Linear, applied to a leaf, petal or sepal, when it is very long and 
narrow, 105. 

Loculicidal, applied to the dehiscence of a capsule when the opening 
is by the dorsal or back side so as to expose the cavity, 209. 

Lomentum, a legume constricted between the seeds and separating 
into one-seeded parts, 208. 

M 

Mechanical tissue, the tissuse which contributes to the rigidity and 
strength of plant organs, 92. 

Medulla (or pith), the central core within the stele of dicotyledonous 
stems, 76. 

Medullary rays, the rows of parenchyma cells which extend from the 
pith to the cortex, 76. 

Meristem, the active dividing uniform cells in plants located in you im 
parts ai the growing points, 35. 

Mesocarp, the middle portion of the pericarp in fruits, 205. 

Micropyle, the hole in the ovule through which the pollen-tube enters 
in the act of fertilisation ; also the aperture found in the seed 

'.."'■t coat, 11. ■ J ■/ 

Mpnadelphous, applied to stamens united together by the filament 
forming one bundle or a tube, 165. 

Monocarpellary, formed of one carpel only,' 178. 

Monochasium, a cyme with one main axis, 159. 

Monoecious, having the stamens and pistil on separate flowers but 
the same plant, 168. - * - - ** 
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Monopetalous, same as gamopet-alous. 

Monopodia!, applied to a stem or axis resulting from the activity of a 
single terminal growing point, 66. 

Monosepalous, same as gamosepalous. 

Mucronate, having a mucro or a sharp point at the apex of a leaf, 108. 
Mycorhiza, fungus found in association with the roots of certain plants 
either within or without and for the advantage of both, 142. 


N 

Nectary, an organ which secretes nectar or honey, 192. 

N ode , the part of the stem whence leaves arise, 5. 

Nucleus, the important part of a living cell which is of a denser 
nature and which initiates the division of a cell, 25. 


O 

Oblong, applied to a leaf blade or a perianth lobe when it is longer 
than broad with more or less parallel sides, 106. 

Obovate, applied to a leaf blade when it is egg-shaped but with the 
narrow end towards the base, 106. 

Obtuse, said of the apex of a leaf -blade when it is rounded, 108. 

Opposite, applied to leaves arising in pairs at the same node, 100 

Orbicular (or rotund), said of a leaf having a round outline, 106. 

Osmosis, diffusion of fluids through a membrane, 121. 

Ovary, the portion of the pistil which contains the ovules, 7. 

Ovate, shaped like an egg, the broader end being near the base, 106. 

Ovule, the part of the ovary which developes into seed after fertilisa- 
tion, 184. 


Palea, the scale-like part which covers the flowers of grasses and this 
is two-nerved, 326. 

Palisade parenchyma, parenchyma consisting of elongated chlorophyll 
containing^eells found below the upper epidermis of most leaves, 
- 116. 

Panicle, an op^n mixed inflorescence, racemose or cymose or both, 
159. \ ' # 

Papilionaceous, having the shape of a butterfly ; said of a corolla made 
up of a standard, two wing-petals and a keel formed of two petals, 
173. 

Parenchyma, the cellular ground tissue of plants consisting of thin- 
walled cells. v 

Parietal, placentation, attachment of ovules to outgrowths on the 
inner wall of the ovary, 178. 

Pedicel, the stalk of an individual flower, 162. 

Peduncle, the flower stalk of a solitary flower or of an inflorescence. 

Peltate, applied to a leaf attached to the stalk on the lower surface 
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Pentamerous, with the parts in fives, 238 

Pepo, the fruit of a gourd ; an inferior one-celled fruit with a hard 
rind and parietal placentation. 206. 

Perianth, the floral envelopes, calyx and corolla. 

Pericarp, the wall of the fruit, 203. 

Pericycle, the ring of cells of -the stele just within the endodermis, 

"" 42. 

Perigynous, said of the flower when the perianth and stamens are placed 
round the ovary, 176. 

Perisperm, reserve food formed in the ovule outside the embryo-sac, 
214. 

Persistent, remaining for a long time as the calyx on some fruits, e.g., 
Brinjal, 171. 

Petal, part of a corolla usually brightly coloured, 6. 

Petaloid, said of sepals when coloured like petals, 165. 

Petiole, the leaf-stalk, 6. 

Phlpetp, the portion of a vascular bundle consisting of sieve-tubes 
and parenchyma, 42. 

Photosynthesis, formation of starch from water and carbon dioxide 
within the chloroplastids under the influence of sunlight, 129. 

Phyllode, a flattened petiole assuming the form and functions of a 
leaf, 113. 

Phyllotaxis (or phyllotaxy), the arrangement of leaves on the stem. 

100 . 

Piliferous layer, the outermost layer of cells in the root which 
produces the'root-hairs, 40. 

Pinnate, said of a compound leaf having the leaflets arranged in two 
opposite rows on a common petiole, 9. 

Pistil, the innermost part of a complete flower consisting of the ovary, 
style and stigma, 7. 

Pistillode, an undeveloped pistil. 

Placenta, the outgrowth in the ovary which bears the ovules. 

Plumule, the part of the axis of the embryo in the seed above the 
insertion of the cotyledons, 12. 

Pneumatophore (or pneumathode), the breathing roots of certain 
plants such as those of Avicennia, 60. 

Pollen, the yellow powdery substance found in the anther lobes, 7. 

Pollination, the transference of pollen from the anther to the stigma of 
the same or another flower, 7. 

Pollinium (pi. pollinia), a pollen-mass composed of all the pollen- 
grains, in a pollen-sac, 199. 

Polygamous, having unisexual as well as hermaphrodite flowers in the 
same plant or species, 168. 

Pome, an inferior fleshy fruit in which the fleshy part consists of the 
receptacle and adnate calyx, 206. 

Primary axis, the axis in the embryo which developes into the main 
stem, 12. 

' Primary meristem, the formative tissue of a young organ, 43. 
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Primary medullary rays, the first formed rows of parenchymatous 
cells which radiate from the pith to the cortex between the 
vascular bundles, 83. 

Procambium, the ring of small embryonic tissue in the stele from 
which vascular bundles? arise, 81 . 

Procambial strands, bands of tissue in the procambium which ulti- 
mately become vascular bundles, 81. 

Protandrous, applied to a flower in which the stamens shed their pollen 
before the stigma is receptive, 188. 

Proteid, a complex nitrogenous substance consisting of carbon, 
hydrogen, nitrogen, sulphur and phosphorus, 131. 

Protogynous, applied to a flower in which the stigma is ready to 
receive the pollen before the anthers are mature, 188. 

Protoplasm, the living substance of plants consisting chiefly of pro- 
teids, 23. 

Pyrene, the small portion of a drupe, 203. 

Pyxis, a capsule which opens transversely by the separation of a lid 

210. 1 


Quincuncial, said of the activation of calyx or corolla with five parts, 
two being in, two out and one in and out, 174. 


Raceme, an inflorescence having a main axis- with stalked flowers on it 
arranged in acropetal succession, 152, 

Racemose, same as botryose. 

Radicle, the part of the primary axis of the embryo lying below the 
attachment of the cotyledons, 12. 

Receptacle, the dilated end of the flower stalk from which all the parts 
of the flower arise ; also called torus, or thalamus, 100. 

Reniform, same as kidney-shaped, 107. 

Reticulate vessels, vessels with thickenings in the form of a net 
work, 30. 

Refuse, applied to the apex of a leaf when it is notched UIK 

Rhizome, a creeping underground stem sending roots down and shoots 
above, 71, 

.Root-cap, the structure found at the extreme end of youn* roots 
forming a protective covering, 34. ‘ " 

Koot-hairSj elongated cells of the piliferous layer in the youngest 
portions of roots, 34. h- ° 

Root-shpath, special covering of the radicle in mouocotyledonons 
seeds especially m grains, 20. 

Root-sucksx, a shoot originating from the root, 30. 

' Rotate, wheel-shaped ; applied to a united corolla having a short tube 
and spreading limbs, 172. ° 

Rotation, a peculiar kind of movement of protoplasm, 150. 

Rupfler for stolon), a prostrate branch which strikes roots and deve 
lopes shoots, 69. 
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Sagittate, applied to a leaf blade having two straight lobes at the base 
♦and shaped like an arrow, 107. 

Samara, an indehiscent winged fruit, 207. 

Saprophytes, plants that take nourishment from dead organic 
matter, 142. 

Scalariform vessels, vessels having thickenings in the form of a 
holder, 39. 

Scale-leaves, small leaves which are found in underground shoots or 
stems above ground, 109. . 

Scape, a leafless peduncle arising from a subterranean stem, 246. 

Schizocarp, a dry fruit which splits into separate parts or segments, 
207. 

Sclerenchyma, tissue consisting of long cells with narrow cavity and 
very much thickened cell- walls without any protoplasm, 41. 

Scorpioid cyme, a eymose inflorescence with the lateral branches 
developed alternately on opposite sides, 157. 

Scutellum, the shield-like structure or cotyledon in the grain of grasses, 

20 . 

Self-pollination, pollen of one flower reaching the stigma of the same 
flower or that of another flower on the same plant, 186. 

Semi-parasite, a plant which derives part of its nourishment from 
another (host), 138. 

Sepal, a segment of a calyx, 6. ' 

Septicidal, opening along the septa, or lines of partition of a capsule, 

210 . 

Serrate, applied to the leaf -margin when toothed like a saw, 107. 

Sieve-tubes, the rows of long tubes with perforated cross partitions 
(sieve-plates) found in the phloem of a vascular bundle, 42. 

Spadix, an inflorescence having a fleshy axis with numerous sessile 
flowers closely packed together, the whole surrounded by a 
common bract, 153. 

Spathe, the large bract enclosing the flowers of a spadix, 153. 

Spermophytes, seed-bearing plants ; also called phanerogams, 1. 

Spike, an inflorescence in which the flowers are sessile on a long axis, 
153. :V ; V-v 

Spikelets, the small flower clusters of grasses enclosed by scaly bracts ’ 
called glumes, 324, 326* 

Spine, a sharp woody structure regarded as a modified leaf, branch or 
stipule, 70. 

Stamens, the male part of a flower having a filament and an anther, 
the latter producing the pollen, 7. 

Staminode, an aborted or rudimentary stamen, 167. 

Standard, the posterior petal of a papilionaceous corolla, 163. 

^ Stele, the central core of tissue and cells enclosed by the cortex in 
stems and roots, 39. 

Stigma, the topmost part of the pistil which receives the pollen, 7. ' 

Stipule, an appendage of the leaf found at the node on either side of 
,the leaf base, 6, 
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Stomata, minute openings in the epidermis of leaves and young stems 
which promote the gaseous exchange between the atmosphere 
and the interior of plants, 115. 

Strophiole, an outgrowth on the hilum of some seeds, 215. 

Syconium (or fig), a multiple fruit formed of a hollow fleshy recep- 
tacle inside which the fruits are placed, 212. 

$ymp odi al, applied to the method of branching in which the main 
axis ceases to grow and the lateral branches form a false axis, 67. 

Syncarpous, said of a fruit when the carpels are fused or united 
together, 178. 

Syngenesious, applied to anthers when they are united together so 
as to form a tube, the filaments being free, 174. 


TaVfobffHhe mqj& root,* the continuation of the radicle, 4. 

Tendrils, thread-like organs by means of which some plants cling on 
to their supports, 70. 

Tetradynamous, said of stamens when they are six in number, two of 
them being shorter than the rest, 175. 

Thorn, a pointed woody structure regarded as a modified branch, 70. 

Tissue, a combination of cells similar in origin and texture, 35. 

Truncate, applied to the apex of a leaf when it is straight as though 
cut off, 108. 

Tuber, a modified underground branch which is swollen and fleshy, 71 

V 

'■f (Jtnbel, a flower cluster in which all the pedicels spring from the same 
point, 153. 

V 

Vacuole, a cavity in the protoplasm of cells containing the cell-sap, 
25. 

Valvate, when sepals or petals meet together without overlapping, 
173. 

Vegetative reproduction, propagation by vegetative means, e.g., 
cuttings, buds, etc., as opposed to sexual reproduction, 231. 

Velamen, layer or layers of absorbing cells found in the aerial roofs 
of certain epiphytic orchids and aroids, 58, 338. 

Versatile, applied to the attachment of the anther to its filament at 
a point so as to move freely, 176. 

Verticillaster, a false whorl formed of many cymes congested 
together as in Leucas, 158, 

W 

Wing-petal, the lateral petal of a papilionaceous corolla, 163. 

X 

Xylem , the wood portion of the vascular bundle, 41. 




INDEX TO PLANTS WITH THEIR 
VERNACULAR NAMES. 

Tamil. Telugu. 

A 

Abrus — 

preeatorius, X., 11)5, 268 ... Kunthumaui ... Guriginja. 

Abutilon — 

graveolens, 117 & NL, 253 ... Thuthi ... ... Thuthiribenda . 

indicum, G, Don., 98, 239, 253. Do. ... ... Do 

Acacia— 

arabica, 117/5/., 108, 111, 272, Kara v el Kallatumma. 

273. 

aurieuliformis, A. Cumi., 113 ... ... 

concinna, DC., 273 ... Seekai ... ... Seekaya. 

Farnesiana, 11775/., 273 ... Pee Yelan ... Kainputumma. 

leucophloea, 11775/., 273 ... Yel Yelan ... Telia tumma. 

plani irons, 117 <£* A., 46 ... Kodak Yelan Buddatumms. 

Acalypha— 

indica, X., 103, 106, 168, 309 ... Kuppaimeni ... Kuppinta or 

Muripindi. 

Acanthus— 

ilicifoiius, X., 338. 

Achyranthes— 

aspera, X., 167, 169, 307 ... Kayurivi ... Uttareni. 

^Egle- 

Marmelos, Carr., 258 Bilvam Bilvamu or 

Maredu. 

iP.rua— 

javanica, Juxh, 308 

lanata, Jus-% 308 Poolai ... ... Pindickettu. 

Monsonia, mart, 308 ... ... ... ... 

Aerides, 315 ... ... ... ... 

Agave— 

americana, X., 318 Kaththazliai ... Bontharakasi or 

kitlithaiiara. 

Ailanthus — 

excelsa, Roxb ., 64, 207, 220 ... Peemaram or Pee Yepachettu. 

Perumaram. 

Albizzia— 

Lebbek, Bentli , 46, 47, 273 ... Yagai ... ... Dirisana or 

Sirishamu. 

Allium Cepa, X — 

(The onion), 50, 51, 170, 319 ... Yengayam ... Yerragadda. 

sativum, L. (The garlic), 319. Yellaipundu ... Tellagadda. 
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Allophylus ~ 

Cobbe, BL, 263 
Alstonia— 

scholaris, Br., 102 

Alternanthera— 
sessilis, Br., 308... ... 

Alysicarpus— 
monilifer, DC 26S ... 

Amarantus— 

gaiigeticus, L . , 308 

spinosus, X., 308 
yiridis, X., 308 ... 

Amoora— 

Bohituka, W. <(’* dL, 200 
Amorphophallus— 
eampamilatus, X/., 74, 323 ... 
Anacardium— 

occidentale, X. (Cashewnut), 
204, 206, 265 

Ananas— 

sativus, Schult 204 

Andrographis— 
echioides, Nees., 303 ... 

Andropogon— 

Sorghum, Brot., 20, 

31. 51 to 53, 327. 

Aneilema— 
uudiflorum, Br., 321 ... 
spiratum, Br. ,321 ... 

Anisomeles— 

malabarica, Bi\, 306 ... .. 

Anona— 

reticulata, X., 244, 245 
squamosa, X., 244 ... ... 

Antigonon, 70 
Aponogeton, 334 
Arachis— 

hypogma, X., 45, 46, 64 
Areca— 

Catechu, X., 322 

Argemone— 
mexicana, X., 209, 224 
Aristida, 328 ... 
Aristolochia— 

bracteata, Betz,, 84, 85, 209. 

211 . 


Tamil. 

Telugu. 

Amalai 

. Eravlilu. 

Ezhilaippfdai ... 

. Edfdculapala. 

Ponnangaimi 

, . Ponnaganti. 

Thandukirai 

Mulluklrai 

Kuppaikirai 

. Kamulu or 

Dantu. 

. Mullathotakura. 
Chilakathota* 
kfira. 

Semmaram 

, Sevamanu. 

Karakaranai .. 

. Ttyakandha. 

Minthiri 

.. Munthamamidi, 
or Jidi mamidi 

Annasi 

Anasa. 

Gopurautangi 


Cholam ... 

. Jonna. 


Palampasi 


Bamaseetha 

.. Bamaseetha, 

Seetha ... 

.. Seetha. 


Yerkadalai 

... Verusanaga, 

Pakku 

Kamugu. 

or Poka. 


Brammadandu . Datturi . 

Aduthinnapfilai. Gadathigada- 
para. 
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Tamil. 

Artocarpus— 

integrifolia, L.f. (The Jack), Pil;I 

204, 212. 

Asparagus— 

racemosus, WUld. , 319 ... ThaimTrmuttan- 

kizhangu. 

Avicennia— 

officinalis, Z., 59, GO, 337 ... Kandal .. 

B 

Barleria — 

Prionitis, Z., 303 

Barringtonia— 

racemosa, Bl. , 338 

Bassia - 

longifolia, Z., 287 Iluppai ... 

malabarica, Bedel. , 288 
Bauhinia— 

tomentosa, 193 Tiruvatti 

Benincasa — 

cerifera, Scud, 45 Kalyftna- 

pfishani. 

Berberis, 177 

Berrya— 

Animonilla, Roxb 257 ... Tirukanamaram. 

Bidens, 227 

Blepharis— 

mollnginifolia, Pers., 303 ... 

Blumea— 

amplectens, DC ., 286 

bifoliata, DC., 286 

Wightiana, DC., 286 ... 

Boerhaavia— 

repens, Z., 191, 228 ... ... Mukaratai 

Bombax— 

malabaricum, DC., 254 ... Mulilavan 

Borassus - 

flabellifer, Z., 322 Panai 

Bougainvillea, 191 
Boucerosia — 

umbellata, IF. <6 A., 112, 127, Kallimulayan ... 
292, 332. 

Brassica— 

juncea, IIK.f. tC* T., 249 ... Kadugu 

Bryophyllum — 

calycinum, Salkb ,, 235 ... Ranakalli 

Buchanania— 

angustifolia, Roxb ., 265 ... ... 

latifolia, Roxb., 265 Sarapparuppu ... 

24 



Challagadda 

chettu. 


Buditffil or pulla 
gummidi. 


Konda Booraga. 
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Cadaba— 
indica, Lamk 252 
Caesalpinia— 
pulcherrima, Sw., 270 ... 

Cajanus — 

indicus, Sprang., 268 

Calamus- 
Botang, L., 322 ... 
Calophyllum— 
inopbyllum, L 14, 17 
Calotropis— 

gigantea, Dr., 101, 208, 215, 290. 
Calycopteris— 
floribunda, Lamk., 275 
Canavalia— 

ensiformis, DC., 13, 64, 208, 
268, 

Canna- - 

indica, L., 98 . 

Cansjera, 139 ... 

Canthium— 
parviflorum, Lamk., 284 
Capparis— 

sepiaria, D,, 251 

Capsicum— 
annuum, ., 301 

frutescens, D., 301 

Caralluma— 

adscendens, Dr., 292 ... ... 

Cardiospermum— 
canescens, Wall., 263 ... ... 

Halicacahum, L., 72, 262 
Careya— 
arborea, Roxl., 276 
Carica— 

Papaya, L., 168 .. 

Carissa— 

Cayandas, L., 66 

spinarum, A. DO., 289 ... 

Cassia, 152, 176 ... 

Cassia— 
auriculata, D., 268 

Fistula, L., 269 

obovata, Coll ad, 106 
siamea, Lam., 268 ... 

Cassytha— 

filiformis, L., 140 ■. i W 


Tamil. 

Vizhuthi 

Mayilkonnai 

Thuvarai 

Perambu 

Pinnai ... 

Erukkam 


Thamattan 


Kalvazbai 


Karai 

Sfirai 

Milagai 

Do. ... ., 

Kallimolayan . 

Mudakithan 

Mudakithan 


Parangi or 
Pappali. 
Perungkala 
Kala ... 


Avarai ... 
Sarakkonnai . 
Nilavarai 
Ponnavfirai 

Both than 


Telugu. 


Turai. 

Kandhi. 


Pomia. 

Jilledu. 


Thamma or 
Chamma. 

Mettathamara. 


Balasu. 


Mirapa. 

Do. 


.. Budda Kakara. 
Do. 


Bobbasi. 

.. Peddakalavi. 
.. KalavL 


Tangedu. 

Be) a. 

Nelatangedu. 

Simatangedu. 
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Tamil. Telugu, 

Cedrela — 

Toona, Boxb., 222, 260 ... Sevvagil 

Celosia — 

argentea, L., 308 ... ... Pannai Gulugkura* 

Cephalandra— 

indica, Naud 167, 277 ... Kovai Dhonda. 

Ceratophyllum— 
demersum, L 332, 334 
Cerbera — 

Odollam, Gaertu ,, 230 ... Udalai ... ... 

Chenopodium, 186 ... 

Chickrassia— 

tabularis, Juss., 260 ... Agii ... ... Kondavepa. 

Chlorophytum— 

attenuatum, Baker, 319 ... ... ... 

tuberosum, Baker, 319 ... .«• 

Chloroxylon— 

Swietenia, DO., 260 Karumporasu ... Billu. 

Cicer— 

arietinum, L. (Bengal gram), Kadalai Sanagalu. 

17, 40, 43, 268. 

Cipadessa — 

fruticosa, Bl . , 260 Sevvattai Turuka vepa. 

Citrullus— 

Coloeyntliis, Sehrad , 278 ... Pekkummatti ... 

Citrus— 

Aurantium, L., 257 ... ... Kickili Naringa or Na- 

rinja. 

Clematis, 224 ... 

Cleome— 

Chelidonii, L., 251 

viscosa, L 257 ... ... Naikkadugu ... Kukka vaminta. 

Clerodendron — 

plilomoides, L.f., 231 Thalanji 

Clitoria— 

Tematea, L., 162, 268 ... ... Kakkattankodi .. Dintana or Gila 

karnika. 

Cochlospermum— 

Gossypium, DO., 215 ... ... Kiittilavan ... Adavi biiraga. 

Cocos— 

nucifera, L ., 205, 230, 321 ... Thengu ... ... Kobbirichettu. 

Coelogyne, 315 ... 

Coldenia— 

proeumbens, L., 295 Seruppadai 

Colocasia — 

Antiquorum, Schott , 322 ... Seppan kizh- Chama. 

angu. 

Combretum, 222 ... 

24 -/' 
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Combretum— 
ovalifolium, Eoxb ., 69 
Commelina— 
bengalensis, X., 188, 320 
Convolvulus — 
arveusis, X., 231, 298 ... 
Bottlerianus, Chois , 298 
Corchorus, 209 ... 
Corchorus— 
olitorius, X., 256 
Cordia — 

monoica, Eoxb., 295 ... 

Myxa, X., 295 

Bothii, E. <& 8., 295 ... 

Crata;va— 
religiosa, Forst ,, 168. 
Crinum— 

asiaticum, X., 162, 170, 317 
Crotalaria, 208 ... 

Crotalaria-— 

biflora, X,, 267 

juncea, X., 267 

medicaginea, Larnk ., 267 

retusa, X., 267 

verrucosa, X., 194, 266 
Cryptocoryne— 
spiralis, Fiseh, 323 ... 

Ctenolepis— 

Garcini, Nmth -78 
Cucumis— 
pubescens, 27# /./;., 278 

trigonus, Eoxb., 278 ... 

Cucurbita — ' 
moschata, Duck.. 278 ... 
Curculigo— 
orchioides, Gcvrtn., 317 
Curcuma — 
longa, X., 317 ... 

Cuscuta— 

chinensis, Lamk., 140 ... 
reflexa, Eoxb., 140 
Cyanotis — 

axillaris, E. & S., 319 . .. 
cucullata, Kunth 25, 320 
Cynodon — 

daetylon, Per*.-, 231 ... 


Tamil. 


Lanavazhai 


Naruvalli 

Mavalingan 

Vizhamungal 


Sanal 


Gilugiluppai 


Tbummatti or 
Sukkaukai. 
Thummatti or 
Sukkaukai. 

Pushini ... 

Nilappanai 

Manjal ... 


Vazhukkaipillu. 

Do. 


Telugu. 


Ulimidi. 

Janumu. 


Usthi, 

Do 

Gummadi. 

Nelathiiti. 

Pasupu. 

Amirthakada. 


Arugsunpillu • ... Gerike. 
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Cy penis, 232 
Cyperus— 

arenarius, Rets.. rotundas, 
X., 323 


Dsemia— 
extensa, J3r., 232 

Datura, 176 

Dendrobium, 315 

Desmodium — 
biiirticulatum, Benth , 268 
trifioriim, Z)(7., 268 
Diehrostachys— 
ciuerea, W. A*, 273 ... 
Digera— 

arvensis, Forsk,, 152 ... 
Dodonsea 
viscosa, L.i 263 

Dolichos— 

Lablab, X , 11, 23 ... 

Dorstenia— 
iudica, Wall* 313 
Dolichandrone, 222 

Dregea, 208 

Orosera— 

Burmanni, VahL, 114, 143 
indiea, X., 143 ... 
peltata, 8 m., 143 
Drynaria— 
quercifolia, X., 339 


Echinops — 
eckinatus, DC., 228 
Eclipta- 

alba, Hassk., 286 ... 

Eliretia— 

buxifolia, Roxb, 226 ... 
Eleocharis, 325 ... 
Elephantopus— 

scaber, X. 

Elettaria— 

Cardamomum, Maton , 317 
Eleusine — 

segyptiaca, Desf., 327 ... 
Elytraria, 104 .« 

Entada— 

scandens, Benth., 230 ... 


Tamil. 

Korai 


Telugu. 
... Tuuga. 


KOrai 


Tuuga gaddi. 


Yrdipparuthi 

Uniathau 


.. Jufctupiiku. 
... Ummeta. 


Vattathari ... Veluturu. 
Thoyyakklrai ... 

Valari or Yirali. Bandaru. 


Avarai or Mocha i. Anapa or Chik- 
kudu. 


Kurinja 


Karishirauganiii. 


Elam ... ... Elakkulu, 

Mathangapillu ... 


Samudrapuliyan. 
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Eragrostis, 328 

Eriodendron— 
anfractuosum, DO., 108, 215 
Eugenia— 

Jambolana, Lanin 275 
Eulophia— 

virens, Br., 198, 314 ... 
Euphorbia— 
antiquorum, L., 312 ... 
corrigioloides, Bates., 312 , 

hirta, L., 311 ... . M 

rosea, Betz., 312 

Tirucalli, L., 312 
Evolvulus— 
alsinoides, L., 186 


Ilavan 

Naval 


Buraga. 

Neredu. 


Chadurakalli ... Bontakalli. 

Ammilm- ... 

pacharisi. 

•Chinna ammam- 
pacharisi. 

Tirugukalli 


... Vishnukranthi ... 

P 

Feronia— 

Elephantum, Corr., 258 ... Vila 

Ficus— 

asperrima, Roxb., 313 ... ... Pechchi or Pethi. 

bengalensis, L . (Banyan), Alam 

97, 106, 

glomerata, Roxb., 313 ... Aththi 

hispida, L., 313 ... ... Pechchi or Pethi. 

religiosa, L. (Peepalj, 115, 313. Arasu 


Tsiela, Roxb., 313 
Filicium— 
decipiens, Thw., 113 
Fimbristylis— 
miliacea, Vahl., 324 
Fuirena, 325 


Gloriosa— 
superba, L., 318 . 
Gossypium— 
herbaceum, L., 254 
Guazuma— 
tomentosa, Kmdk 255 
Gynandropsis — 
pentaphylla, DO., 9, 251 
Gyrocarpus— 

Jacquini, Roxb., 220, 275 


Ichchi 


Vishnukrantham. 


Velaga. 

Karakabodda. 

Marri. 

Bodda. 

Kukkabodda. 

Ravi. 

Juvvi. 


G 

Kalapaikizhangu. 

Paruthi 

Thenpuchikai ... 

. Velai 

. Tanuku ... ... 


Pathi. 

Vaminta. 

Poliki or Tanuku. 
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Tamil. 


Telngu, 


Habenaria— 

platyphylla, Spreng , 200,315 ... 
viri diflora, Br., 315 
Hardwickia— • 
binata, Each., 207 
Harpagophytum, 227 ... 
Helictres — 

Isora, A., 255 

Heliotropium — 
indicum, A., 295... 
marifolium, Retz., 295 
o valif olium, For$l\, 294 

supinum, A., 295 

Heynea— 

trijuga, Roxb'i 260 

Hibiscus— 

cannabinus, A., 165, 254 

esculentus, L. (okra), 165, 254. 
micranthus, A., 165, 186 
Bosa-sinensis, A., 252 ... ... 

sabdariffa, A., 254 

tiliaceus, A., 338 

vitifolius, A., 165 

Holoptelea — 
integrifolia, Planch , 207 

Hopea, 222 

Hoya, 292 

Hura— 

crepitans, A,, 226 

Hydrilla— 

verticillata, Gasp,, 334 

Hydrocotyle— 
asiatiea, A., 69, 231 
Hygrophila— 
spinosa, T. Anders, 303 

Impatiens, 209 ... 

Indigofera — 
aspalathoides, Void., 336 
eimeaphylla, A,, 267 ... 

trita, A./’, 267 

Ionidium, 209 

Iphigenia — 
indica, Kunth , 319 


Acha ... ... Yepi. 

Yalambiri 
Telkodukkuchedi . 


Pulichai or 
Kfichurukai. 

Bendai 

Kuruvippundu... 

Sappatki 


Gogu. 

Benda. 

Dasani 

Mandara. 


or 


Manituti ... Karupatti. 
Aya 


Yallarai .. 

JSTlmmlli 

I 


Sivanarvembu ... 
Cheruppu nerinji. 
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. Tamil. 

Ipomcea— 

Batatas, Lamk. (Sweet Potato), Sakkarai Valli 


Musalkfidukirai, 


biloba, Ford ., 140 
ren iformis, Oh oia., 
Ixora, 152 


Jasminum, 209 ... ... 

Jatropha— 

Cnreas, L ., 312 .... 
glaudulif era, Roxb., 312 
Jussiaea— 
suft'rutiosa, L 333 
Justicia— 

procumbens, L., 197, 303 
tranquebariensis, L.f., 336 


Sivanarvembu 


Lactuca— 

Heyneana, DC 104, 280 
Lagascea— 
mollis, Car., 286 
Launsea— 

pimiatifida, Cass., 140 

Leonotis— 

nepetaefolia, Bt\, 158, 306 
Lepidagathis — 

cvistata, . Willd, 140 Karapampftndu, 

Leptadenia— 

reticulata, IP. b; A. ,292 ... Palaikodi 

Leucas . .. ; .■■■ :■ 

aspera, Bpreng, 196, 304 ... Thuinbai . 

liuifolia, Spreng, 190 ... Bo. 

Limnanthemum- 
indicum, Thtc.* 332 ... ... 

Lippia— 

nodiiiora, Rich., 09, 338 ... Poduthulai 

Loranthus, 00, 131) ... ... 

Lycopersicum— 

esculentum, Miller (Tomato) Simaithakkali . 


Mahonia, 177 1, ••• 

Mangifera— 

indica, L. (Mango), 06, 204, 264 Mil 
Melia— 

Azadiracbta, L. (Margosa or Vembu 
Nim), 111, 259. P 


Telugu. 





Malle. 


Mamidi. 

Vepa. 
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Melochia— 
corchorifolia, Z., *254 
Michelia, 210 
Miliusa, 245 
Millingtonia— 
hortensis, Z./., 108 
Mimusops— 

Elengi, Z., 288 
hexandra, Roxh., 288 
Mirabilis, 191 
Modecca, 178 
Mollugo— 

Cerviana, Ser., 281 
hirta, Thinib 282 
Momordica— 
Charantia, Z., 278 
Morinda — 

. tinctoria , R oxb . , 282 
Moschosma — 
poly stachy U m , Be nth 
Murray a- 
exotica, Z., 258 ... 
Koenigii, $pr., 258 
Musa— 

paradisiaca, Z., 316 
Myristica— 
fra grans, Houtt 215 


Pummkku pfmdu. Chittintha kura 
Shen bagam ... Sampangi. 


Mfiuumalli. 


Magliizham 
Palai ... 
Audi malli 


Naravelia— 
zeylanica, DC 210, 212 
Nelumbium — 
speeiosum, WtllcL, 247 
Neptunia— 
oleracea, Lour., 333 
Nerium— - 

odoruni, Soland, 103, 290 

Nicandra, 301 

Nicotiana— 

Tabacum, Z., 301 
Nymphaea— 
lotus, Z., 215, 246 


Mukkupinatate ga. 


Ganneru, 


Alii or Amhal ... Kaluva. 


Ocimum— 

Basilicum, Z., 306 
canum, Sims., 306 
sanctum, Z., 306 
Odina— 

Wodier, Roxb 190, 265 


Tirunltrupachai, 
Naithulasi 
Thulasi ... 


Kukkathulasi, 

Thulasi. 


Oddhi or Gum* 
pena 


Udayan 



prostratum, Larnlc 
ramosum, X., 328 
repens, X., 71, 73, 


Injiverpul or 
Thandankattaipul 


Parkinsonia— 

aculeata, X., 113 
Pavonia— 

zeylaniea, Cav., 110, 208 
Pennisetum— 
typhoideum, Rich. , 188 
Peplidium— 
humifusum, Delile 332 
Phaseolus— 

Mungo, X., 268 ... 
trilobus, AiL, 269 ... 

Phoenix— 


Karubendj 


Sithamutti 


Cumbu 


Payaru 

Naripayaru 
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Oldenlandia— 



< 

aspera, DO., 283 ... ... 

Heynei, Hook. /., 283 

paniculata, X., 283 

umbellata, X., 283 ... .* 

... 

... 

’ I 

Opuntia, 140 

Orobanche— 

Nicotianae, Wight., 140 
Oroxylum, 222 

Ottelia— 

. 

Bodu. 

: '; : 1 

! 

If 

alismoides, Pen., 334 ... 

F 


1 

Pandanus, 190 ... 

Panicum— 

. Thazhai 

Mogili. 


Colonum, X., 328 




Crus-galli, X., 328 
f rumen taceum, Roxh., 328 

Kudirai vSli 



javanicum, Poir., 328 

miliaeeum, X., 328 

Panivaragu 

... 


miliare, Lank., 328 

Siimai 

... 



sylvestris, Roxh., 322... ■ 

Phyllanthus— 

... ichan ... 

Usiri. 


Emblica, X., 312 

... Nelli 


maderaspafcensis, X„ 311 

... Mela nelli 

Nela usiri. 


roticulatus, Pair, 312 ... 
Physalis — 

... Piila 

Nallapurugudu. 


minima, X., 171, 301 ... 

... Siru thakkfili ... 

Budama Kayu. 


Piper, 274 ... 

... Milagu ... 

Miriyalam. 


■ . Pisonia, 228;\ .. r,. 

Pistia— 




Stratiotes, X., 323 ' 

' , 

rv_; 

. . . Akasathamarai. 
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Pithecolobium — 
dulce, Benth 278 
Plumbago— 
zeylanica, A., 228 
Polianthes — 
tnberosa, A., 234 
Polyalthia — 
iongifolia, Bentli, 


Korukapili 


Seemachintha. 


Chitramulam CMtramtilam. 


sampangi 


Asokamu. 


Polycarpasa, 178 
Polygala, 215 
Polygonum — 

glabrum, WilliL, 97 Altaian 

Pongamia — 

glabra, Vent,, 188, 2G8 ... Pungan 

Portulaca, 178, 210 

Pothos— 
scandens, L 328 

Psidium — 

Guyava, A., 276 Koyya 

Pterocarpus, 220 

Pterospermum, 255 

Pterolobium— 
indicum, A , Rich 222 . , . 

Punica — 

Granatum, A, (Pomegranate), Madalai 


Kanuga, 


Dalimba. 


Pup alia— 

atropurpurea, Moq,, 226 


Quisqualis— 
indica, A., 115 


Rangoon malli 


Rafflesia, 141 
Randia— 

dmnetorum, Lamh ., 5 
Ranunculus, 207, 210 
Raphanus — 
sativus, A. (Radish), 
Ranunculus, 207, 210 
Rhynchosia— 
minima, DO., 268 
Ricinus— 

communis, A, (Casto 
26, 46, 168. 
Rubus— 

(Raspberry), 211 


Mullangi 


Muilangi. 


Amanakku 


Amidapu chettu, 
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Ruellia— 

prostrata, Lamk 
Rungia— 
parviflora, Nees, 


Saccopetalum, 245 

Salvia, 176 

Santalum, 139 ... Saiidanam 

Sapindus— 

emarginata, ¥ahh, 263 ... Pimgankottai or 

Ponnangkottai. 

Sarcostemma— 

brevistigma, IK' & A., 292 ... Kodikkalli 
Scilla — 

indica, Balcer, .31$ 

Scirpus, 825 

Scutia— 

indica, Bnmyn, 261 

Sesbania— 

jogyptiaea, Per*.. 268 ... ... Karum sambai or 

Sithagatti. 

grandiflora, Peru., 268 Athi 

Sesuvium— 

Porfculaeaatrum. £., 338 

Setaria— 

italica, Beaui'.,$h, 36 ... ... Teuai ... ... 

Siegesbeckia, 228 ... 

: . Solanum— ■ . . ; . ■ # : 4 ■ ' ' 

Melongena, L. (Brinjal), 172, Kaththiri ... 
205 299. 

nigrum, £., 301 Milaguthakkali or 

Mauathakftli. 

torvum, 8 tv., 301 * Suudai 

tuberosum, L. (Potato), 234... Urulaikizhangu ... 

'xanthocaroum, Schrad <0 Mullikai ... 


Thathara 



Nalla sominta. 
Avisi. 


Korra. 


Yankaya or 
Yanga. 


Urlagadda. 




NAMES OF PLANTS 


Tamil. 

Streblus— 

asper, Lour, 313 ... ... Pirayan ... 

Striga — 

lutea, Lour 139 

orobanchoides, Bentli., 140 ... 
Stylosanthes— 
mucronata, Willd 268 

Swietenia - 

Mahagoni, Jaeq . (Mahogany), 66 
Synantherias— 

sylvatica, Schott 74, 234 ... Kfittukaranai 


Tamarindus— 

indica, L. (Tamarind), 139, *272 Puliyan 

Tecoma, 222 

Tephrosia— 

maxima, Per 8 ., 194 

purpurea, Per*., 267 Kolinji , 

villosa, Per*., 267 Kolinji 

Teramnus— 

labialis, Spreng ., 268 ... 

Terminalia— 

Arjuna, IF. d A., 274 ... Maruthu 

Catappa, A., 275 Nattu Ya 

Chebula, Betz., 275 Kadukkai 

Theriophonum — 
crenatum, Bl . , 323 
Thespesia— 

populnea, Oorr ., 84, 86, 239, Puvarasu 
254. 

Toddalia— 

aeuleata, Pers., 258 ... ... Milagarai 

Tragus— 

racemosus, Scop., 228 ... 

Trapa— 

bispinoso, Roxb ., 332 ... Singarak< 

Trianthema — 
crystallina, VahL, 281 
decandra, L., 280 ... . Saranai < 


Telugu. 


Baranika. 


Ohintha. 


Yempali. 


Maruthu Telia maddi. 

Nattu Yadumai . . . Badfuni . 


Kadukkai 


Milagaranai 


Singarakottai 


Karaka. 


Gangaravi or 
GangarenL 

Konda kasinda. 


monogyna, L 280 

Tribulus— 

terrestris, A., 5, 161, 172 
Trichodfcsma— 
indicum, Br., 293 


Saranai or Sarva- Galijeru. 
lai. 

Yellai Saranai or Telia Galijeru, 
Sarvalai. 

Nerinji Palleru. 

Kazliuthai ... 

thumbai. 
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Trichosanthes— 

ansruina, A., 278 ... ... Pudal Potla. 


Tridax - 

procumbens, L., 153, 187, 223, 
285. 

Triumfetta— 

pilosa, Both., 226 

rhomboidea, Jacq., 227 
Typhonium— 
trilobatum, Schott ., 323 


Urena— 

lobata, L., 226 ... 

sinuata, L., 226 
Urginea — 
indica, Kunth, 319 
Utricularia— 
reticulata, Sin . , 112, 144 
Wallicbiana, Wight , 114, 144 
Uvaria, 245 


Vallisneria— 
spiralis, A., 24, 201 ... 

Vanda— 

Eoxburghii, Br., 58 ... 
Ventilago— 

madraspatana, Gcertn, 203, 
261. 

Vernonia— 

cinerea, Less., 153, 223, 28b ... 
Vicoa— 

auriculata, Cass. , 285 ... 
Vigna— 

Catiang, Emil., 194, 268 
Vinca— 

pusilla, Murr. , 290 ... ... 

rosea, L., 289 .... . •» — 

ViteX ■ j; 1 ••• ■■ -• : 

Vitis — 

quadrangularis, Wall, 67, 68, 
261. 

vinifera, L. (Grape), 205 


Karungkaranai... 

U 

Narivengayam ... b. 

V 

Velampasi 

Vembadam 
M ukutliip imdu. 

Kfirfimani ... Alasanda or 

Bobbarakaya. 

Milagai poondu... 

Pillayarpoo or Billaganneru. 
Thulukkamalli. 

Perandai ... Nalleru. 

Drakshi Draksha. 



names op plants 



Walsura— 
Piseidia, Roxb, 
Waltheria— 
indica, L 255 
Withania, 171 


Wrightia— 
tinctoria, JBr , , 290 


Xanthium— 

Strumarium, A., 228, 280 
Ximenia, 139 


20 ^— « 

Mays, L. (Maize), 19, 190 
Zingiber- 

officinale, Rose, 317 ... 

Zizyphus— 

J ujuba, Bernik ., 201 ... 
CEnoplia, Mill, 261 ... 
rugosa, Laink., 261 ... 
xylopyrus, WilleL, 261 

Zornia — 

diphylla, Pers., 226, 268 


369 

Tamil. Telugu. 


W 


Amiikran kizh- 
angii. 


Yeppalai 


... Tedlapfila 
Ankndu. 


X 

Marti! umathan. 


Makkacholam ... 

Inji 

Ilandai ... 

Stirai 

Kottai ... 


Mokka Joima. 

Allam. 

Regu. 

Banka. 

Gotti. 



